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MR. WEALE'S 



NBW SERIES OF RUDIBIENTARV "VSTORKS 



FOR BBOINNBR8. 



In course of publication, in a neat and oonyenient size, a Series of original 
and useful yolumes, by esteemed writers, forming a Rudimentary Course 
for the easy comprehension of the leading principles of various Sciences. 

It has been remarked, that " those who are in the ship of Science ought to 
remember that the disciples cannot arrive without the aid of boats." Popular 
Ireatises are to Science what boats are to large ships ; they assist people in 
getting aboard; but as no one would trust himself to a weak or inefficient 
boat, so no one ought to begin the study of Science with an imperfect guide. 
It sometimes happens that popular treatises are made to appear easy by the 
omission of those very details which are most essential to be known : they 
state results without going through the necessary processes by which those 
results are gained : they d^ largely in facts, and leave principles untouched. 

The only method of avoiding this error is to confide to men, who are 
masters of their respective subjects, the task of drawing up Popular Intro- 
ductions to the several branches of Science. The Publisher trusts that the 
following list of names wUl be a sufficient guarantee to the Public that what 
he proposes to attempt in the cause of Popular Instruction will be done well, 
and that these little treatises will fiiUy answer the purpose for which they 
are intended, namely, to become convenient and accurate Guide-Books in 
Government and other Schools, and in Popular Institutions generally, while 
their low price wUl place them within the reach of all classes earning their 
daily bread, to many of whom a knowledge of the elements of Science is a 
positive gain in the common pursuits of life, as well as a means of winning from 
gross tastes, and presenting to the mind noble and worthy objects of study. 



1. 

1, RuoiMKNTAKT Chxmistbt, by ProfesBorFownes, F.R.9., &e., third edition. Slid 

on Agkicultural Chbhistbt, for the use of Farmen , l«. 

2, ■ Natoral Philobopht, by Charles Tomlinson . . . , It. 

3. Geology, by Lieut.-Col. Portlock, R.E., F.R.S., F.6.S., &c., . 

second emtion ]«, 

4. -——-__— MiNXBALooT, byD.Varley, Author of - Conyersations on Mine- 

ralogy/ tod edit. toI. i 1«. 

5. vol. ii 1». 

fi, ■..■■■ MxcHANics, by Charles Tomlinson, second edition . . .Is. 

7. Elbctbicity, by Sir William Snow Harris, F.R.S., &c. . . Is. 

g, Pkxomatics, by Charles Tomlinson ^- 

p. ———-___ Civil Enginbkbino, by Henry Law, C.E. vol. i. second editio'^ 

10. — — — — vol. ii. do. 

11. X Abchitbctubk (Orders), by W. H. Leeds, Esq. 

IS. — ^— — — — Ditto, (Styles — their several examples,) by T. Bury, Arch*. 
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13. BuoiMiNTABT Pbinciplbs OF Dbsign iw Akchitbctukb, hj £. Lacy Garw 

betty Architect, vol. i Is, 

14. — ^— — ^— — ^— vol. ii 1«. 

15. Pbbbpictiyb, by G, Pyne, Artist, Author of * Practical Rules in 

Drawing, for the Operative Builder and Young Student in 

Architecture,' vol. i. third edition Is. 

16. ■ ' Ditto, vol. ii. third edition Is. 

17. Abt op Building, by E. Dobson, C.E., Assoc. Inst. C.E., 

Author of ' Railways in Belgium ' is. 

18. ' ■' ■ " Bbick-making, TiLB-MAKiifo, by the same, vol. i. Is. 

19. vol.ii. . Is, 

20. Masonbt and Stonk-Cutting, by the same . . Is. 

21. ■ ■ ' Illustrations of the precedmg, in 4to Atlas sise, 

13 Plates Is. 

22. — Painting, or a Gbammab of Coloubing, by George 

Field, Esq. vol. i. ...*.... 1«. 

23. vol. ii. Is. 

24. Draining Districts and Lands . . . . l». 

25. Draining and Sew AGS of Buildings and Towns . is, 

26. Well-sinking and Boring, by J. G. Swindell,Architect Is. 

27. ■ Use of Instruments (genendly), by J. F. Heather, 

M.A., of the Royal Military Academy, Woolwich, 2nd ed. Is, 

2d. Constbucting Cbanbs for the Erection of BuilcUngs and 

for Hoisting Goods, by J. Glynn, F.R.S., C.B. . . Is, 

29. ^—^ Tbbatisb on the Steam Engine, by Dr. Lardner. (Written 

specially for this Rudimentary Series.) Is. 

SO. ' Art of Blasting Rocks and Quarrying, and on Stone, by 

Mqjor-Gen. Sir John Burgoyne, K.C.B., R.E., &c., &c. . Is, 

31. Dictionartof Terms used byArchitects, Builders, Civil and Me- 
chanical Engineers, Surveyors, Artists, Ship-builders, &c., v. i. \s, 

SS. '■■■■■ vol.ii. .......... 1«. 

33. — — — — ^— ___— vol.iii. is, 

34. vol.iv. .......... 1«. 



SERIES OF RUPZMENTARY IVORKS 
OF KATHBMATZCAIi SCIENCE FOR BEGINNERS. 

The Series of Rudimentary Works for the use of Be^nners has realized the 
anticipated success from that portion of the public who seek the attainment 
of those objects of Science which belong to the business of life, and the highest 
and most useful subjects in the Elements of Art and Science. Pursuing the 
same path, to render further aid to public instruction, and to direct the atten- 
tion of the Heads and Principals of the several Colleges and Schools of the 
United Kingdom, and the Royal Military Academies, to these serial works, it 
is intended to publish an Elementary Course of Mathematics for the use of 
Beginners and for Practical Men, at 1«. each volume. 

It has been observed by Bonnycastle, in the Preface to his admirable Ele- 
mentary Work on Algebra, that '' Books of Rudiments, concisely written, 
well-digested, and methodically arranged, are treasures of inestimable value, 
and too many attempts cannot be made to render them perfect and complete.*' 

2. 

The Sulfjeetsare as follows: (all are published unless otherwise express.) 

35. Elehbntart Tbbatisb on Abithmbtic, ^th numerous Mathematical and 

Commercial Examples, for Practice and Self-Ezamination, by James Haddon, 
M. A., King's College, second edition, corrected 1«, 

36. A Pbactica L System of Book-Keeping, with concise Modes of Calculation, 

Forms of Commercial Documents, in English, French, German, and Italian, 
Mercantile Phraseology, &c. ; forming a complete Introduction to the Counting 
'ouse, by ditto. ■ I^ 
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37. ELBMBMTAmT Tebatisb ON ALGBBmA,Tol. i., by Jamea Haddon, M.A. . l«. 

38. ■ Yol. ii., by ditto U, 

30. — — ^— i— Pbinciplbs opObombtbt, by Henry Law, C. E. (in thepreu) . 1«. 

40. —————— ^——— Analytical Obombtbt, by James Hann, Pio- 

feator, King'a College U. 

41. BuDiMBNTABT Tbbatisb ON Planb Tbioonombtbt, by ditto . 1«. 

43. Sphbbical TBiooHOHBTBi, by ditto . . 1*. 

48. Elbmbntb AMD Pbacticbop MBwauBATiOM AND Obodbst, dt T. BakeTt C.E. 1«. 

44. RuDiMBWTART Tbbatisb ON LoaABiTHMS, Tol. 1., by Henry Law, C. E. . 1«. 

45. 3f ATBBMATiCAL Tablbs for facilitating Astrononuca], Nautical, Trigonome- 

trical, and Logarithmic Calcnlationa, yol. ii., by ditto ...... l«. 

40. ElBMBNTABT TBBATISB ON POPULAB ASTBONOMT, (tnlAtf/meM^ . . 1«. 

47. Pbinciplbs AMD Pbacticb OP Staticb AND Dtnamics, by T. Baker, C.E., (in 

thepreu) ' U. 

48. Tbbobt and Pbacticb op Nautical Astbonomt & Nay ioation, (in theprea) u, 

49. Dippbbbntial Calculus, in which the Principles wUl be clearly elucidated, (in 

thepreu) 1«. 

50. Intbgbal Calculus, in which the Principles will also be dearly elucidated, (in the 

preu) U. 

51. Collection op Exam plbs op tbb Intbgbal Calculub, vol. i., by J. Hann, 

Professor, King's College 1«. 

58. "——' Dippbbbntial do. toI. ii., by J. Haddon, 

King's College • . . U. 
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The whole of the following are published, 

53. Rudimbntabt Tbbatisb on Cottagb Building; or Hints for Improving 

Dwellings, by C. B. Allen, Architect . . , . , 

54. — TuBULAB Bbidgbs, 61BDBB Bbidgbs, &c., morc 



It. 



55. 
56. 

57. 
68. 






59. 
60. 
61. 



62. 

63. 
64. 



65,66. 



67. 
68. 

69. 
70. 



71. 



particularly the Conway and Britannia Bridges, describing the 
Experiments made to determine their form, strength, ana effi- 
ciency, together with the construction of the same, the floating 
and raising the tubes, and other wroi^ht-iron coiutructions . 

Art op Making Foundations, Concbbtb Works, &c., by 
E. Dobson, C.E. ......... 

Tbbatisb on Lihbb, Calcabbous Cbmbnts, Mobtars, Stuc- 
coes and Concbbtb, by Geo. R. Bumell, C.E. . 

Art op Latino-out and Making op Roads for New and Old 
CoontriBs, by H. Law, C.E u, 

Tbbatisb on thb Histobt, Constbuction, and Illumina- 
tions op L10HTHOUBB8, by Alan Stevenson, LL.B., F.B.S.E., 
M. Inst. C.E., vol. i. .....,., 

Ditto, the Continuation of the same subject, vol. ii. . . . 

■ ' vol. iii. 



U. 
1«. 
It. 



It. 
It. 
It. 



Law op Contbactb for Works and Services, bv David* Gibbons, 
Esq., Author of Treatises on the ' Law (tf Dilapidations,' and 

on the * Law of Fixtures,' &c. ]«. 

Art op Ship-building, Tbb Elbmbntabt Principlbs, with 

Plates, by J. Peake,H.M. Naval Architect .is. 

——————— Tbb Pbacticb, Plates, by the same . u. 

———————— Masting, Mast-making, and Rigg- 
ing OP Sbxps, by J. Peake, H.M. Naval Architect . l«. 
- Tbbatibb on Navigation, ob Sailor's Sba-Book, by J. 
Greenwood, Esq., B.A. ; Flags of Maritime Nations (coloured 
Plates), Circular Sailing, &e.. Dictionary opTbbms, par- 
ticulariy applicable to Naval Architecture, 3 vols. . . 2t. 
Tbbatisb on Magnetism, by Sir W. S. Harris, F.ILS., vol. L . it. 
Ditto, the Continuation of the same subject, vol. ii. . . . it. 

Supplement to Ditto, vol. iii 1^ 

Treatise on tbb Warming and Ventilating op Public 
AND Private Buildings, with Illustrations, by Charles Tom- 

Unson, vol. i 

Ditto, vol. ii., by the same . 
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71. BUDIUKMTAKT AbT AND PbaCTICB of the SUKVETINO OF LAifD,on theAsTOF 

SUKVBTIIIG AND LbYBLLING FOB ROAD-MAKinO, BaILWAT- 

M AKiNG, and the Making of Canals, &c., by T. Baker, C.E., 
with lUiutrations, vol. i. ...... ^ 1«. 

73. ■'■ Ditto, also the Fibld Book, vol. ii., hy the lame . • Is. 

74, Trbatisb on thb Constbuction of Bailwati, with numerous 

Illuatrations, by Bowland Macdonald Stephenson . . . 1«. 

75. ON Clocks and Watch-making, with a Chapter 

on Chubch Clocks ; with Illiutrations, by E. B. Denison, 
M.A., Author of two papers on Clock Escapements, in the 
Cambridge PhUosophicaL Transactions, vol. i Is. 

76. Ditto, vol. ii 1«. 

77. Elbmbnts of Music, with Plates of Examples, by C. C. Speneer, 

Professor of Music, vol. i. is. 

78. Practicb of Music, with Plates of Examples, by ditto, vol. ii. Is. 

79. AMD Practical Tbbatisb on Boilbbs, for all kinds of Steam 

Engines, by Bobert Armstrong, with wood-cuts . • .Is. 



4. 
The following are not petpubKthed, but are in preparation, 

80< BUDIMBNTABY TbBATISB ON HtDBAULIC EnGINBBBING, and on TUHNBLLINO 

through various kinds of Strata, with Plates, forming a third 
vol. of the Engineering (and completing that subject) publii^ed 
in the First Series, by H. Law, C.E. Is. 

81, 82. LocoMOTiVB Enginbs, describing them on the 

various Bailways for their several puiposes, and their duty and 
efficiency, by J. Sewell, L.E., 3 vols 2s. 

83. —————— ————^— Mabinb Enginbs and Stbah-Boatb, for Sailors 

and Engineers, by B. Murray, C.E. Is. 

84. Conchology, &c. (Fossils and Shells,) by S. W. Woodward, 

Associate of the Linnsean Society, of the Natural History De- 
partment of the British Museum, &c. &c., vol. i. , . . is. 

85. ■ Continuation of the same subject, vol. ii. , Is. 

8fi. iNSTBUCTiONon the Piano- FOBTB, by C. C. Spencer, Rrof. Mus. Is. 

87. Dbscbiptivb Gbombtbt, Applicable as a fint book, by J..F. 

^ Heather, M.A *...*. Is. 

88. Atlas of Plates, to illustrate the above . is. 

89. Applied to Architecture (text), by J. F. 

Heather, M.A u. 

90. ■ .^— — — ^— — — Atlas of Plates illustrative (drawing- 

book), oblong 4to, by J. F. Heather, M.A Is. 

91 . ■ Applied to Civil Engineering (text), by 

J. F. Heather, M.A \s. 

92. ■ Atlas of Plates illustrative (drawing- 

book), oblong 4to, by J. F. Heather, M.A'. . . . . I; . 1 

93. ■ Applied to Mechanical Engineering i 

(text), by J. F. Heather, M.A. Is. ' 

94. Atlas of Plates illustrative (drawing- 
book), oblong 4to, by J. F. Heather, M.A Is. 

95. ' Tbbatisb on Habboubs and Coast ENOiNBBBiN6,byThomss 

Stevenson, C.E., with Illustrations Is. 

96. .. ■ ■ I. Ditto, the Continuation of the same subject, vol. ii. . . . Is. 

97. Tbbatisb ON Mill and Factory Abchitbctubb, by T. Fair- 

bairn, C.E., with Illustrations Is. 

98. — — — — ^— Ditto, the Continuation of the same subject, vol. ii. . . . Is. 

99« Tbbatisb on thb Constbuction of Agbicultubal Build- 
ings, of every description, by 6. H. Andrews, Agricultural 
Engineer Is. 

100. ON Motivb Powkbs, and thb Machinbby ofthi 

Stbading, by G. H. Andrews, Agricultural Engineer . . Is. 

101. ■ ON Agricultural Fibld Implbmbnts, by G. H. 

Andrews, Agricultural Engineer Is. • 
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I. 

Phenomena observable in subjecting certain Substances to a peculiar species 
of Excitation by Friction — Origin of Electrical Terms — Electrics and 
Conductors — Insulation, Attraction, and Repulsion — Positiye and Nega- 
tive Electricity — Induction, or Electrical Influence— Other sources of 
Electrical Excitation — ^Manipulation. 

1 . It may be esteemed as a deeply interesting and wonder- 
ful fact, that the most active powers of nature are at all times 
present to us, although in a state not always cognizable by 
our senses, and hence termed latent: the sHghtest change, 
however, in the existing circumstances will frequently render 
these powers active, and we become as it were immediately sur- 
rounded by the most astonishing effects. This observation is 
more especially exempHfied in the development of that class of 
phenomena which we term electrical; the unknown agency upon 
which they depend being sensible of the most trivial change 
in its physical relations to the particles of common matter. 
Many substances, for example, when merely pressed into close 
contact and subsequently separated, tend not only again to 
approach each other, but they also display that peculiar effect 
which we term Attraction^ in respect of other substances. In the 
falling of a stone, and in the tendency of ferruginous particles 
towards a certain ore of iron known as the loadstone or magnet, 
we recognize the presence of other physical forces, the precise 
nature of which is at present involved in obscurity. 

2. Early knowledge of Electrical Attraction, — ^That pecu- 
liar and invisible agency, then, which we term Electricity, is one 

A 
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of those hidden and mysterious powers of nature which has 
thus become known to us through the medium of effects : 
our first acquaintance with it appears to have arisen out of a 
curious but simple fact, noticed full 600 years before the 
Christian era. Thales, of Miletus, a celebrated Greek philo- 
sopher, the founder of the Ionic Philosophy, observed as a 
remarkable property of amber, its power of attracting light 
particles of matter on being subjected to a peculiar kind of 
excitation by friction, and with which he is said to have been 
80 struck, that he imagined the amber to be endowed with 
a species of animation. Theophrastus, about 300 years before 
the Christian era, observed a similar property in a hard stone 
termed the lyncurium, now supposed to have been the tour- 
maline, which he says will not only attract light straws and 
sticks, but even thin pieces of metal. Pliny and other natu- 
ralists also notice this property of amber; and a similar 
property is said to have been discovered at an early period 
in agate. ,In the present state, however, of this department 
of science, we no longer confine our views to a particular 
instance of electrical action limited to a few conditions only, 
but consider the development of electricity as arising out of a 
great variety of operations and circumstances, both natural 
and artificial, — such as the contact of various substances, 
friction, pressure, cleavage, and other mechanical processes, 
phanges of temperature and form, as in the case of liquefac- 
tion, and other natural processes of that kind, together with 
chemical and certain forms of magnetic action; these will all 
superinduce upon bodies an attractive power of a greater or 
less amount. 

3. Origin of TertM, — ^The attractive property developed in 
amber by the process of friction may be considered as the 
source of the nomenclature of this branch of science. The Greek 
word expressive of amber being if\€KTpov (electron), in Latin 
£lectrum, the unknown principle, or element, with which 
Thales supposed it to be animated has been termed Elec- 
tricity. As our knowledge of such phenomena advanced, and 
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other substances were observed to possess similar properties, 
they were considered as being amber-like, were said to be 
electrical, and were hence termed Electrics. 

In a similar way, when any given substance was caused to 
exhibit attractive powers by the simple process of friction, it 
was said to be electrized, — ^the process itself being termed 
electrical excitation, and the attractive force electrical attraC' 
Hon : any contrivance also for the mere exhibition of such 
force has been termed an Electroscope, whilst other contrivances 
for the more precise measurement of the power itself have 
been termed Electrometers ; so that the common terms em- 
ployed in this depart^ment of science are all based on the 
Greek and Latin terms signifying amber. 

4. Electrical Excitation. — The phenomena attendant on 
electrical excitation by the process of friction are easily 
observed ; it is only requisite to bring the excited substance 
near any light body, such as a downy feather, the pith of 
elder, or a fragment of metallic leaf, in which case the attrac- 
tive effect becomes immediately apparent, more especially if 
these substances be dry and delicately suspended. If the 
excitation be powerful and be carried on in a dark room, 
faintly luminous flashes, and sometimes luminous sparks, 
attended by a weak crackling noise and a peculiar odour^ may 
be observed to arise from the sui-face of the excited body. 

Exp, 1. Let an ordinary stick of sealing-wax or a roll of 
brimstone be freely rubbed with a piece of dry woollen stuff, 
or soft white silk; it will become attractive of light particles of 
matter, such as fragments of metallic leaf, a downy feather^ or 
small pieces of paper. 

Exp. 2. Take a dry tube of glass, about an inch in diameter 
and about eighteen inches in length ; rub the tube freely from 
one end to the other, through a dry soft silk handkerchief, 
held in the hand : small pencils of light and faintly luminous 
flashes and sparks, attended by a subdued crackling noise and 
a peculiar smell, will appear in the dark to dart from the surface 
of the glass, producing a marked sensation when held neac the 
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hand or face. If the tube be now presented to any light 
bodj^ a powerfully attractive force will appear to be exerted by 
the tube. Downy feathers, fragments of cotton wool attached to 
delicate threads, small balls turned out of elder-pith, fragments 
of metallic leaf, leaf gold more especially, are the substances 
best adapted to such experiments. 

These effects will be more sensibly produced if the tube be 
gently warmed by passing a current of wann dry air through 
it, and if the silk used to excite it be touched over with a 
compound of tin and sulphur, termed ' aurum musivum,' * or 
mosaic gold, used by statuaries and painters. The rough side 
of oiled silk, oiled only on one side, will, when rubbed over 
with this substance, produce a powerful effect. 

5. Although the list of electrical bodies was in the re- 
mote periods of science extremely limited, being principally 
confined to amber, jet, and agate, yet in more recent times 
it has become so general as to include almost every known 
substance, as being susceptible in a greater or less degree of 
electrical excitation. The substances, however, more espe- 
cially termed t(/to- electrics, that is to say, those which under 
ordinary circumstances readily evince electrical properties by 
friction, may be brought within the following Umits : 

TABLE I. — LIST OF ELECTRICAL BODIES. 

Shell lac — brimstone — amber — jet. 
Resinous bodies of every kind, including pitch and wax. 
Gums of every kind, including camphor and caoutchouc. 
Gun-cotton. 

Glass and all vitreous and vitrified substances. 
The diamond, agate, and most other precious stones. 
Tourmaline, and other crystalline transparent argillaceous 
and silicious gems and stones. 
Bituminous substances. 

* This composition is prepared chemically by first saturating the tin 
and sulphur with mercury and a little sal-ammoniac, and then subjecting 
the amalgam to a sand heat. It may be obtained readily at any chemist's 
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Silk of every kind and form. 

Dried animal furs and skins — hair — wool — ^feathers-^paper 
— porcelain. 

Turpentine and various oils and fattj fluids. 
All dry gases. 
Atmospheric air. 
Steam of high elasticity. 
Ice at 0"" of Fahrenheit. 

The modem substance termed gun-cotton is not the least 
powerful of these electrics ; ^hen made in large quantity, it 
retains the form of the fleece or sheet of cotton wool from 
which it is made. If the fleece be well dried, then on draw- 
ing it through the hand we obtain a perfect cloud of sparks. 

6. Friction the remote but not the immediate cause of 
attraction, — The state of excitation of any of these electric 
substances appears to be entirely confined to the parts im- 
mediately under the points of contact of the rubber and the 
surface to which the friction is immediately applied: even 
here it is for the moment in a latent or insensible state, so 
long as the contact with the rubber is preserved ; it is only on 
the separation of the two bodies that the excitation is ap- 
parent. Thus if a square of common window glass be sub- 
jected to friction on a portion of one of its surfaces, that 
portion, together with a similar portion of the opposite surface 
immediately under the rubber, will, on withdrawing the 
rubber, exhibit electrical excitation, but no other part of the 
glass will do so. 

Hxp, 3. Place a square 
of window glass, A b, fig. 1, 
made very dry, and slightly 
warm, upon two wine- 
glasses, as supports; and 
apply to its upper surface 
a flat circular rubber r, 
which may consist of a 
common cork bung, cut 
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evenly and flat^ and covered with silk, and having a rod of 
wood or metal h, fixed in its centre as a handle. Place any 
light substance t immediately under the rubber, and about an 
inch, more or less, from the glass. A fragment of Dutch 
gold, or a light feather, answers very well. Turn the circular 
rubber carefully round so as not to derange^ its place on the 
glass. Not the least attractive effect will be observed on the 
light body t during the friction. . Let the rubber be now 
raised off the glass, and the substance t will be vigorously 
attracted, but only by that portion of the glass which has been 
rubbed. If the rubber be prepared as in Experiment 2, the 
attractive effect will be vigorous, and exerted on the gold 
fragment at a considerable distance; and if the glass and 
rubber be fixed in a frame of wood, the results are more con- 
veniently obtained. 

7. Biacovery of electrical conduction, — ^About the year 1729 
an important discovery resulted from some attempts of Mr. 
Stephen Grey, of the Charter-House, in London, to render 
metallic substances attractive by friction. He completely- 
failed in these attempts, but he found that although these 
substances were not excitable in the ordinary way, yet they 
might acquire an attractive power by placing them in commu- 
nication with an electrified body. 

Exp. 4. Communication of electricity to non-excitable sub- 
stances, — Let a stout brass wire, about ^th of an inch in dia- 
meter and a foot in length, be passed through a common cork, 
fixed in one extremity of the glass tube employed in Experi- 
ment 2, so as to project about 2 inches within the tube. Fix 
a small wood or brass ball on the projecting extremity of the 
wire, as at b, fig. 2, and excite the tube in the way before 
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described (4). The wire a b and the ball b will both become 
attractive of light bodies in common with the tube, and the 
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excited electricity will be communicated to the ball and wire 
from its inner surface, and with so much force as to cause 
luminous sparks to pass from the ball upon ihfi finger or other 
conducting body placed near it. A similar appHcation of a 
metallic wire and ball to any other electric is attended with 
the same result* When applied to solid electrics, such as 
sealing-wax, it may be inserted immediately into their sub- 
stance. 

8. This communication of excited electricity to non-electric 
substances was found, on further inquiry, to extend through a 

considerable length of 

^' such substances. Thus, 

J when a very long wire, 
h d, fig. 3, having a me- 
tallic of wooden ball d at its lower extremity, was attached 
to the projecting rod b, light bodies were attracted by it 
near the ground during the excitation of the glass tube 
on the summit of a high building. The first experi- 
ments of this kind were made with common packthread, 
which the experimenters suspended horizontally by sup- 
ports of metallic wire, for the convenience of increasing 
the length : now, in this case it was found impossible to 
transmit the attractive force through the thread, whereas 
on suspending the packthread by cords of silk or other 
electrics, the electrical action was transmitted through 
a distance of 765 feet. These silk cords, therefore, had 
><^ satisfied some important condition of the experiment. 
When a silk line, however, was substituted for the 
packthread, the electrical excitation of the tube was no longer 
apparent in the ball at the remote extremity, in whatever 
way it was suspended. From this it became apparent, that 
the class of substances termed electrics had not only the 
property of electrical excitation, but that they had also the 
power of confining or imprisoning, as it were, the commu- 
nicated electricity upon other bodies, in which it could not, 
under the same circumstances, be so excited: on the other 
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hand, the non-electric substances allowed the excited electricity 
to pass off to the walls of the building and to the ground. 
Hence arose a distinct series of phenomena dependent on what 
has since been termed Electrical Conduction, giving origin to 
a new classification of substances considered as conductors of 
electricity. 

9. The substances which properly come under this conduct^ 
ing or non-electric class are principally the following : 

TABLE II. — LIST OF ELECTRICAL CONDUCTORS. 

Every metallic substance known. 

Well-burned charcoal. 

Plumbago. 

Concentrated and diluted acids and saline fluids. 

Water and moist vegetable matter. 

Living animal matter. 

Flame — smoke — steam. 

10. The distinctive difference in the conducting and non- 
conducting property of bodies may be readily illustrated in 
the following way : 

Exp, 5. Excite the glass tube and wire employed Exp. 4, 
and bring the ball of the wire into contact with any of the sub- 
stances mentioned in Table I., termed electrics, such as a rod 
of glass, a stick of sealing-wax, or brimstone. If these sub- 
stances be made perfectly dry, the attractive power of the ball 
and wire, together with the tube, will not be in any sensible 
degree impaired. Let the electrified ball now touch the walls 
of the room or other conducting substance communicating 
with the ground : the attractive power will instantly vanish. 

It is evident from these facts that all electric substances (5) 
are non-conductors or insulators, as they are also appropriately 
termed ; whilst, on the other hand, non-electric substances are 
transmitters or conductors of electrical action. 

1 1 . Insulation, — When, therefore, any conducting substance 
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is placed on an electrical support, such as a rod of glass or 
shell lac, it is considered to he insulated, and is termed an 
insulated conductor : when electrified hy contact with any 
excited or other electrified hody, it is said to he charged. 

The hest insulating suhstances are of the Titreous and 
resinous class, Tahle I., such as shell lac, hrimstone, dry glass, 
vitrified and crystalline hodies. To these may he added 
silk. 

The hest conducting suhstances are principally metallic 
bodies, saline fluids, and common charcoal. 

12. It should, however, be here understood, that modem 
researches, especially those of Faraday, lead us to conclude 
that there are really no suhstances which perfectly conduct or 
perfectly obstruct electrical action. The insulating or con- 
ducting power is, in fact, a diiference of degree only ; still the 
extreme differences are so great, that if classed in relation to 
such differences, those at the extremes of the series admit of 
being considered the one as insulators, the other as conduc- 
tors, whilst the intermediate terms are made up of substances 
which may be considered as imperfect, taken as either. Con- 
versely, every substance is capable of excitation by friction ; 
yet the differences in this respect are so great as to admit of 
some bodies being called electrics and others non-electrics, 
with an intermediate class between these extremes, which may 
be termed imperfect electrics. 

Series of conductors and insulators. — Metals and con- 
centrated acids are found at the conducting extremity of such 
a series, — shell lac, brimstone, all vitreous and resinous bodies, 
at the other or electric extremity ; whilst* the imperfect or 
intermediate substances comprise such matter as common 
earth and stones, dry chalk, marble, porcelain, paper, and 
alkaline matter. 

13. Electrical Repulsion, — The attractive power evinced 
by any electrical body in a state of excitation, although the 
first and usually the most evident electrical effect, is not the 
only force which seems to result from this curious condition of 

a5 
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common matter. On a closer examination of the phenomena, 
a new class of facts present themselves, of remarkable interest. 
If the excitation be considerable, and the attracted body insu- 
lated, it will, after being drawn into contact with the electrified 
substance, rebound from it, with great violence, as if repelled 
by some new power, and will not be again attracted until it 
has had conducting communication with the earth, or with some 
other mass of matter capable of reducing it to its original 
condition before the contact, or very nearly so. The attractive 
force becomes, in fact, superseded by an opposite or repulsive 
power, and thus' two kinds of force appear to be obtained. 

Exp. 6. Attach a slip of metallic leaf, about half an inch in 
width and 4 inches long, to a short and thin slip of writing 
paper, which is easily done by a little moisture from the lips. 
Fix the paper to the extremity of a stick of common sealing- 
wax, or a slender rod of glass coated with seaUng-wax, as 
represented in fig. 4 : present this leaf, thus insulated Fig. 4. 
by the wax, to the metallic ball of the excited tube 
described in fig. 2 : the leaf, after being vigorously 
attracted, will instantly on contact with the ball appear 
to be repelled, and will not be again attracted until re- 
duced to its original state, either by contact with the 
earth or with some other unelectrified mass. A simple 
reed, suspended by a short cotton or silk thread, may be 
used for this purpose with advantage. 

A test or trial leaf or reed, when thus prepared and 
insulated, constitutes an extremely good electroscope, 
and is well adapted for the exhibition of simple electrical 
phenomena. Leaf gold, and silver leaf, may be occasionally em- 
ployed for minute forces, but these cannot be managed without 
some difficulty. The best kind of metallic leaf for ordinary 
purposes is a coarse kind of leaf termed Dutch metal. The 
white metal is often the most compact^ but the yellow metal is 
sometimes preferable. 

Exp, 7. Electrical attractions and repuUions, — Excite a 
tube of glass as in Experiment 2, and bring it near a small 
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ball of cork or elders-pith, resting on a table. The ball iVill 
appear to boimd from the table towards the tube, from which 
it will be as instantly repelled; on touching the table it will be 
again attracted, and thus a rapid plaj of what appears to be a 
series of attractions and repulsions maj be maintained for 
some time. 

In all these experiments the excitation requires to be 
vigorous, and this may always be insured by the means before 
described (4). 

14. On a further examination of these attractions and re- 
pulsions, we find a most important relation of electricity to 
<X)mmon matter, leading to the conclusion that in every case of 
electrical excitation, as well as in every other instance of elec- 
trical action, two equal and opposite forces or powers are called 
into play. These, when combined, condense or saturate each 
other, and thus neutralize the free action of either, as observed 
in the phenomena just described. 

Exp, 8. Two hinds of electrical power, — Let a simple leaf, 
such as that employed in the last experiment, be made repel- 
lent of an excited glass tube, fig. 2 (7)> so as to be thrown 
freely off it. Whilst in this state, present it to an excited roll 
of brimstone or sealing-wax. The leaf will appear to be vigo- 
rously attracted by this substance. Conversely, present the 
leaf first to the excited brimstone, and when made repellent of 
that, to the excited glass, — a powerful attractive effect will 
ensue. 

It is here evident that one of these substances will, under 
given conditions of excitation, attract an electrified body made 
repellent of the other. We are indebted to M. Du Fay, an 
intelligent French philosopher, for this beautiful fact, whose 
memoirs, published in the 'History of the Academy of Sciences' 
from 1733 to 1737, may be considered as having largely con- 
tributed to the progress of electricity. Symmer, an English 
philosopher, in 1759, still further advanced Du Fay's dis- 
coveries, and very completely established the fact of opposite 
electrical forces. 
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15. Vitreous and resinous, — or positive and negative elec^ 
tricity. — ^We are led, then, from these interesting facts to infer 
the existence of two opposite electrical or elementary states of 
excitation in which forces are developed attractive of each 
other ; these forces were supposed by the more early inquirers to 
depend on two different kinds of electricity, which they termed 
vitreous and resinous electricities, — as being derived, the one 
from excited vitreous bodies, the other from excited resinous 
bodies : subsequent investigations, however, as we shall presently 
see, show, that both these hypothetical electrical elements may 
be obtained from the same electric, merely by changing the 
substance employed to produce the friction: hence, as involving 
less assumption, it has been agreed to designate the opposite 
electrical states of which these terms are really expressive by 
the common positive and negative signs employed in arithmetic 
and algebra, calling the one positive or plus, and the other 
negative or minus; the positive sign + being given to the 
vitreous excitation, as developed in the friction of glass by 
silk ; the negative sign — - being appropriated to the excitation 
of resinous bodies by silk or woollen stuff. 

The terms positive and negative an arbitrary selection, — It 
is to be understood here, however, that the appropriation of 
these terms is altogether a matter of arbitrary selection. 
When any substance, therefore, evinces vitreous electricity, 
it is said to be electrified positively, or plus + : when it 
evinces resinous electricity, it is said to be negatively electri- 
fied, or minus — : when unelectrified, or in i^ts ordinary state, 
it is said to be neutral. 

A glass tube and wire, such as are described in Exp. 4, page 6, 
are an efficient and convenient arrangement for obtaining vitreous 
or positive electricity ; and if the tube be well varnished over 
with a solution of shell lac in rectified spirits of wine, laid 
on the previously warmed glass, resinous or negative elec- 
tricity may then, by exciting the surface with dry woollen 
stuff or soft white silk, be obtained from the wire and ball, 
in a similar way : the same result is obtained by making the 
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Fig. 5. 




tube sufficiently hot, and rubbing it over with sealing-wax, so 
as to give the surface a thin coating. 

16. From these phenomena it may be inferred, that sub- 
stances in dissimilar states of electricity, that is, the one -f , 
the other — , attract each other. Substances 
in similar electrical states, that is, both + or 
both — , repel each other. The two following 
experiments are easy and simple illustrations 
of these elementary electrical facts. 

Exp, 9. Similar electricities repel — opposite 
electricities attract. — Prepare two similar test 
leaves of metal, as in Experiment 6 : let each 
be made repellent of an excited glass tube or 
of an excited roll of brimstone or sealing-wax : 
oppose these electrified leaves fairly to each other, and they 
will immediately diverge, as represented in the annexed 

%• 5. 

Exp, 10. Make one of the trial leaves re- 
pellent of excited glass and the other repellent 
of excited wax or brimstone ; oppose them, as 
before, and they will immediately converge and 
approach each other, as represented in fig. 6. 

17. Threads of cotton, or otherwise light 
reeds of straw, terminating in small balls of 
elder-pith, may be employed in these ex- 
periments with advantage. They should be 
attached to fine rods of glass, shell lac, or 
sealing-wax: the reeds may be hung up by filaments of 
linen thread, to allow of free motion. Two 
very light straws a b, suspended on a short 
metallic wire m n^ fig. 7, insulated by a handle 
of light glass rod t, forms an extremely 
convenient electroscope ; since on touching an 
electrified body with the extremity m of the 
rod, the reeds will diverge with the electri- 
city of that bod) ; and will again close on 
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a similar application to anj substance charged with the oppo- 
site electricity, and reciprocally will not close or will separate 
further by the electricity of a body charged with the same 
electricity. 

18. In treating of the phenomena of excitation we have as 
yet considered the development of one only of the two electrical 
forces ; on a closer examination, however, it is found that both 
forces are produced, although only one is usually apparent. 
This may be made evident by insulating the rubber, that is, 
the body with which the electric is said to be excited ; in this 
case the rubber will be found also attractive of light bodies, 
and its electrical state will be precisely the reverse of that 
of the excited body. The reason, therefore, why this force is 
not apparent in ordinary cases of excitation, is in consequence 
of the rubber being usually in contact with conducting matter, 
such as the hand, by which its electricity b neutralized through 
conducting communication with the earth (8). 

Exp, 11. Both electricities produced in every case of elec^ 
trical excitation, — ^Wrap a broad slip of soft silk, or a wide 
silk ribbon, round a rod of glass or sealing-wax, to serve as an 
insulating handle : apply the roll thus produced as a rubber 
upon a strip of common window glass of equal width, made 
perfectly dry and a little warm : after slight friction, examine 
both the silk and the glass ; each will attract light substances, 
but they will be in opposite electrical states, as is seen by the 
one attracting where the other repels. This may be shown, as 
in the last experiment, by an insulated strip of metaUic leaf^ 
which may be suspended from some convenient support. The 
experiment may be repeated with a small roll of dry woollen 
stuff and a stick of sealing-wax or brimstoiie. 

19. Opposite electricities dependent on the nature of the 
exciting surface. — The kind of electricity resulting from 
friction appears to depend on some peculiar condition of 
contact between the rubbed surfaces. Thus a rod of glass, 
rubbed by white silk, evinces that peculiar state of elec-' 
tricity which it has been agreed to call vitreous or positive; 
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but when the glass is rubbed agauist the back of a cat, it 
evinces what has been called resinoita electricity; that is to 
say, an opposite or negative state of electricity. Glass rubbed 
with silk is positive, but sealing-wax rubbed with the same 
silk is negative. Conversely, silk rubbed with glass becomes 
negative, but rubbed with sealing-wax is positive. It is easy 
for the student to satisfy himself of these facts by very simple 
experiments. Electrify the trial leaf, fig. 4, either positively 
or negatively (15). Rub a stick of seaHng-wax on warm 
coarse brown paper, then if the leaf be positively electrified, 
the wax will attract and the paper repel it. If a warm glass 
be rubbed on the brown paper, the glass will be positive, as 
shown by its repelling the plus leaf, whilst the same leaf will 
be attracted by the negative paper. Friction of sealing-wax 
on a silk ribbon renders the wax minus and the ribbon plus. 
If two silk ribbons, one white and the other black, be made 
quite warm, placed in contact, and then drawn quickly through 
the closed fingers, they will on separation be found highly 
attractive of each other; the white will be +, and will repel 
the plus leaf; the black will be — , and attract it. It is 
a remarkable fact, that of the numerous substances examined 
in this way, the back of a cat is -h to every other. Then we 
have smooth glass + to every other, although — to the cat- 
skin. Sealing-wax is — to most other substances, but when 
rubbed with metals it is -h . 

The student will perceive from these facts, that the same 
substance may acquire both kinds of electricity, and may 
be + by friction with one body, and — by friction with 
another. 

If the trial leaf be negatively charged, the same results will 
be arrived at, but the attractions and repulsions will be re- 
versed. 

The trial leaf or other single electroscope used in these 
expsnments is most conveniently suspended by means of the 
staim and horizontal arm shown in fig. 19, page 35. 

20. Electrical influence, — These first or more elementary 
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facts being understood, we are prepared to enter upon a new 
class of phenomena, remarkable for their great interest and 
importance in the progress of electrical discovery. We have 
hitherto confined our attention to the attractive and repulsive 
powers developed in bodies either by a direct excitation (4), 
or by immediate communication (7) ; but there is yet another 
form of electrical charge to be considered, depending on the 
influence of excited bodies upon neutral conducting bodies, and 
exerted at very sensible and even considerable distances. This 
influence has been termed Electrical Induction, and the result- 
ing effect. Induced EUctridty, 

Exp, 12. Insulate upon supports of varnished glass two 
small cylinders of wood or metal, a b, fig. 8, from 3 to 5 
inches in length and about 3 inches in diameter, and ter- 
minating in flat faces : place these cylinders within an inch or 
more of each other, and in a right line, as represented in the 
figure. Excite freely the glass tube and wire (fig. 2, page 6), 
and communicate by repeated contacts of the ball an elec- 
trical charge (11) to one of these conductors a. Present 
now to the distant extremity c of the cylinder b the sUp 
of metallic leaf or other light substance, as described in £x- 

Rg. 8. 




periment 6, page 10 : it will be immediately drawn towards it. 
Present the leaf also to various parts of the cylinder b, between 
the extremities h c : the attraction will diminish considerably 
as we pass from the distant extremity c, until it becomes 
nearly nothing. 

If we withdraw the electrified body a, these phenomena 
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are no longer apparent, thus proving that the electrified state 
of the cylinder b was an induced or temporary condition, de- 
pending on the influence of a, whilst operating upon it at a 
distance. 

Eoop, 13. Place the two cylindrical conductors near each 
other, as before, and communicate a charge to one of them a ; 
make the test leaf repellent of a by contact with it, and then 
present it to the distant extremity c of the cylinder b. It will 
be also repellent of that extremity, showing that the electrical 
states are the same, but the repulsive effect will diminish con- 
siderably as we approach the near extremity d, where it will 
appear to be nearly lost. 

21. If the precise condition of the conductor b, whilst under 
.the influence of the charged conductor a, be carefully investi- 
gated, its extremities h and c will be found actually in opposite 
electrical states ; for although one of these only is apparent 
in the distant extremity c, whilst under the influence of the 
charged conductor a, yet by a slight variation in the experiment 
the opposite electricity may be also discovered. 

Exp, 14. Let the terminating faces &c, fig. 8, of the cylin- 
drical conductor b consist of thin slices of about \t)i of an 
inch or more in thickness, supported upon slender glass rods, 
as shown in figure 9, and applied so as to fit closely against the 

Fig. 9. 







opposite ends of b. Charge cylinder a as before (Exp. 12), 
and remove the terminating face h by its insulating rod whilst 
under the induction of a. This face h will now attract the 
trial leaf when the leaf is repellent of the charged cylinder A, 
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and repel it when the leaf is attractive of a, thereby showing 
that it is in an opposite electrical state ; that is to say, if a be 
charged positively, b wiU be charged negatively \ and if ▲ be 
negative, b is positive (16). Proceed now to remove in a 
similar way the distant face c, we have then the converse o( 
this result (Exp. 13) ; that is to say, the face c will be found« 
as before, attractive of the trial leaf when that leaf is attractive 
of A, and repellent of it when repellent of a ; thereby showing 
that its electrical state is the same (1 6) : hence its being 
formed of a thin slice, and appUed as an extremity of the 
cylinder a, does not at all interfere with the result. 

It may not be out of place here to observe, that the elec- 
trical disturbance in the near face b will be most strikingly 
shown if removed under the influence of a when the cylinder 
B is extended in length, or is in conducting communication 
with the earth. 

This electrical disturbance by induction, although more 
particularly observable in the neutral conductor, is, how- 
ever, not exclusively confined to it : on further investigation 
we find a sort of reflected induction on the charged body 
itself, causing a considerable change in its previous condition. 

Eap, 15. Charge the cylinder b, and observe by the trial 
leaf the repellent effect of each of its terminating faces t a^r 
which oppose to it the conductor a in a neutral state, placed 
in conducting communication with the ground. Under 
these conditions, the repellent effect towards the distant ex- 
tremity c will be considerably diminished, and towards the 
near extremity b evidently increased ; and if we remove each of 
the terminating faces, as before, by their insulating supports, 
the repellent power of the near face b will be found greater 
than that of the distant face c, which face may become under 
some conditions quite neutral^ and evince even an opposite or 
negative state. 

22. Specific inductive capacity, — ^In these preceding experi- 
ments we have supposed the inductive action to take place 
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through air, — a flimilar result, howeveri is apparent when any 
other electric substance (5) is interposed between the two 
bodies, but with this important distinction, that many of these 
substances facilitate the progress of electrical influence in a 
greater degree than others. Let, for example, a delicate trial 
leaf, sheltered by a glass jar, iig. 22 (41), communicate with 
the surface c of the body b, fig. 8 (20), and suppose b, as 
before, to be under the influence of a, the intervening electric 
being air; then if a plate of clean shell lac or brimstone 
be interposed between the near surfaces a and b, that leaf will 
be more readily attracted by a body brought near it than 
before. This difference in the power of electrics to faciUtate 
the progress of electrical influence has been termed by Faraday, 
to whom we owe the discovery, * specific inductive capacity.' 
The question is one of singular interest, and is still open to 
further investigation. The difference in the specific inductive 
capacity of air and shell lac is as 1 : 1*6 nearly. 

23. This peculiar kind of electrical action, termed InduC' 
Hon, appears essential to the phenomena both of attraction 
and repulsion (2^ 03) : it is invariably attendant on both, and 
in all probability precedes them ; that is to say, in every case 
of electrical attraction or repulsion the bodies are first rendered 
attractable or repellent, and then attracted or repelled; and 
vrithout this previous preparation, neither of these effiects are 
produced. Thus it is found that the attraction of an excited 
electric, or of a charged conductor, is less forcible upon elec- 
trics little sensible of induction, than upon conductors highly 
susceptible of such change. 

Exp. 16. Attraction and repulsion attendant on induction, — 
Cover a small sheet of writing paper, on each side, pig. lo. 
with smooth gilt paper, so as to produce, when pasted 
and dry, a stiff plate ; cut out a circular disc of about 
3 inches in diameter, and attach to one side of it a 
slip of metallic leaf, so as to hang freely about its 
surface, as in the annexed fig. 10, which is easily 
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done hj uniting the leaf to a thin slip of cork, cemented to the 
disc hy a little strong paste; attach this disc to a thick 
filament of glass, at right angles to the direction of the 
leaf; hj means of a little sealing-wax, fix the glass in the ex- 
tremity of a light arm of deal, suspended hy a fine thread of silk 
from the ceiling, as shown in fig. 11; balance the system by 

Fig. 11. 




means of a small loop for suspension, and a sliding weight w, 
as in the figure. The system being thus free to move about 
a centre, present to the disc a an insulated electrified disc d, 
charged either positively or negatively (15) : the leaf t will be 
observed to spring away as it were from the disc, and remain 
divergent from it : and if a similar trial leaf s be attached to 
the opposite surface of d, and be also in a state of divergence, 
that leaf, on approaching the neutral disc a, will tend to 
collapse, at which instant the bodies will appear to attract each 
other. 

In this experiment we observe, 1st, The divergence of the 
trial leaf s of the disc dhj the charge conveyed to it (16); 
2ndly, The separation of the trial leaf t upon the same prin- 
ciple, in consequence of the induced charge (20) ; 3rdly, The 
collapse of leaf « from the tendency of the opposite electricities 
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a and d to unite (16) (17) ; 4thlj, The final attractive force 
resulting from these inductions. 

Exp. 17. Charge hoth the discs a and d with the same 
electricity, and, whilst the leaves are divergent, present the 
disc d to the disc a, as hefore : the leaves will diverge still 
more energetically : at this moment the bodies appear to 
repel each other. Here tlie trial leaves, as is evident, be- 
come still more divergent, by the induction of the discs on 
each other, in a way precisely similar to that shown by the 
charge on the neutral disc in the first part of the preceding 
experiment. Electrical repulsion, then, as well as attraction, 
is preceded by a preparatory process, upon which the subse- 
quent action depends. 

Exp, 18. Charge the discs with opposite electricities, and 
present them to each other, as before : the trial leaves s t pre- 
viously divergent will now tend to fall back, and will collapse 
considerably; the discs will then freely attract each other. 
The trial leaves in this experiment collapse as in the latter 
part of Experiment 16, by the reciprocal inductions of the 
discs on each other, in a direction opposite to that of the 
preceding experiment, the tendency of the respective electri- 
cities being to combine (16). The experiment is virtually the 
same in effect as Experiment 16, the only difference being, 
that the discs are both permanently electrified and in oppo- 
site states of electricity, instead of one of them being at first 
neutral, and dependent on the charged disc for its temporary 
electrical condition. 

24. Electrical action confined to the surface of bodies, — It 
is to be further observed, as a most important and charac- 
teristic feature of electrical action, that neither induction, 
attraction, nor charge, have any dependence whatever on the 
sohd contents of conducting bodies, or even on the kind of 
substance of which such bodies consist. Thus, whether an 
insulated conductor (1 1) be a sohd mass or a thin hollow body, 
whether it be metalUc or whether it consist of any other con- 
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ducting substance, the electrical charge which it is capable of 
receiving, and the subsequent induction or attraction which it 
exerts, is in each case precisely the same : the only difference 
is, that inferior conductors, such as wood, require in some 
cases a very small portion of time for the accumulation and 
yielding up of electricity, whilst the action of the most perfect 
conductors, such as metals, is as it were instantaneous. 

The learned and ingenious Mr. Cavendish, whose distin-> 
guished mathematical and philosophical attainments have 
conferred so much honour on British science, investigated the 
Conditions of electrically charged bodies, so long since as 
the year 1775, and, as appears by his manuscripts, not only- 
anticipated by most ingenious experiments, and in a way quite 
astonishing — considering the then existing state of electricity — 
nearly all the great facts, which, in 1785 and following years^ 
appeared in the ' Memoirs of the Royal Academy of Sciences' in 
France, but likewise many others of a very recent date. 

The following is Mr. Cavendish's experimental investigation 
of the electrical conditions of an insulated hollow globe 
charged with electricity, given as nearly as possible and con- 
sistent with bre.vity in his own words. 

Exp. 19. The intention of the experiment is "to find 
whether, when a hollow globe is electrified, a smaller globe 
enclosed within it, and communicating with the outer globe by 
some conducting substance, is rendered at all over or under- 
charged, that is, positive or negative (15), and thereby to dis- 
cover the law of electrical attraction and repulsion." To this 
effect a globe b &, fig. 12, of a foot in diameter, was mounted 
on an insulating axial rod d c of varnished glass, and then 
enveloped by two hollow hemispheres c? a d, c? a d, leaving 
a space h a between the interior and exterior shells of about 
*4 of an inch, and constituting an external globe a dan of 
about Idj- inches diameter. 

The two external hemispheres c? a d, dan were insulated 
in rectangular frames, which, by an efiPectual but not very 
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refined mechanism could be turned back, so as to expose the 
Ulterior globe b b and leave it quite free of the two hemi- 

Fig. 12. 

d 




spherical envelopes; an operation indicated in the fig:ure 
through the instrumentality of the insulating supports k' m' 
K m and the sliding parts k k, k' A/. In some given point 
a of the surface, a temporary conducting communication 
a b was established between the inner and outer globes, by 
means of a short brass wire attached to an insulating silk 
thread, and by which the wire could be easily removed. 
Under these experimental arrangements, Mr. Cavendish com- 
municated an electrical charge to the outer globe, in which 
case, as is evident, if any part of the charge tended to pervade 
the system as a mass, it could freely do so by means of the 
conducting wire ab, "I drew out the wire a ft," says Mr. 
Cavendish, " communicating between the inner and outer 
globe, which, as it was drawn away by a silk line, could not 
discharge the electricity either of the interior globe or the 
exterior hemispheres ; I then instantly separated the hemi- 
spheres, and applied a pair of small pith balls suspended by 
fine linen threads (17) to the inner globe, to see whether it 
was at all over or undercharged'* (that is, either positive or 
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negative). This electroscope he further explains as being 
fixed at the extremity of an insulating glass rod, covered with 
a little tinfoil in that part intended to touch the globe. 
** The result was, that though the experiment was repeated 
several times, I could never perceive the pith balls to separate 
or show any signs of electricity." Every precaution apnears 
to have been taken in this experiment, it being so concnved 
that, on withdrawing the hemispherical shells, their electricity 
became speedily discharged, so that no subsequent electrical 
action could possibly arise. 

Mr. Cavendish further endeavours to discover how small a 
quantity of electricity, not sensible to his electroscope in its 
ordinary state, might be made apparent ; for which purpose 
he communicated to the balls (fig. 7) a weak positive or negative 
electricity : in this way he finds that he could render sensible 
a quantity of redundant electricity on the inner globe, less 
than the •g'^th of that lodged on the outer ; and hence con- 
cludes, that in his original experiment the redundant electri- 
city, if any existed on the interior globe, must ** certainly 
have been less than the inr^ ^^ ^^^ ^^ ^^ outer globe,'' 
but he thinks " there is no reason to believe that the inner 
globe was at all charged with electricity." 

Although this simple and perfectly conclusive experiment by 
Mr. Cavendish ftJly proves the tendency of electricity to the 
surface of common matter, yet the following, which may- 
be taken as the converse of Mr. Cavendish's process, is by no 
means unimportant. 

Exp, 20. Charge the interior globe b 5, fig. 1 2, either 
positively or negatively, the hemispherical envelopes being 
drawn back, and the communicating wire a h removed : when 
so charged, replace the hemispheres about the interior charged 
globe, as shown in the figure, attach the communicating 
wire a 5 to a slight rod of vambhed glass, by means of a 
cement of sealing-wax, and insert it, as before, so as to make 
a temporary communication between the interior and the outer 
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spheres ; withdraw the wire and turn back the hemispheres ; 
all the electricity will hare left the inner and previously 
charged globe, and be found resident on the exterior hemi- 
spherical shells, which will be found to affect the electrosope 
(17) from the instant a conducting communication has been 
estabUshed between the inner and outer shells. 

These last experiments may be effectually carried out with a 
small sphere of 2 inches diameter, and hemispherical shells of 
light copper sheet ; the whole constituting an elegant piece of 
electrical apparatus. 

25. An experiment somewhat similar to that of Mr. Caven- 
dish has been described by M. Biot in his fine work 'Traits 
de Physique,' which if the student should fail to verify, he 
must not be disappointed. In this experiment an insulated 
conductor of a spheroidal form m, fig. 13, has closely fitted 
to its surface two 
similar spheroidal en- 
velops a be, adc, fur- 
nished with insulating 
handles dn, do, and 
without leaving any 
sensible space between. 
These shells being re- 
moved, the interior 

body M is charged with electricity ; after which the envelops 
are replaced, as shown in the figure ; on being again with- 
drawn, all the charge it is said will have passed into the super- 
ficial shells, and the interior body m will be found perfectly 
neutral. Now it is quite clear that this experiment cannot 
possibly succeed, unless the envelops be rapidly and simul- 
taneously withdrawn ; so rapidly, as to exceed the rapidity of 
the electrical expansion over any small space or opening upon 
the surface of the interior body m, which will necessarily occur 
between the envelops at the instant of their separation, and 
so simultaneously that one shall not be in any sensible degree 
after the other ; for if it be, the charge will certainly expand 
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from the remaining envelop over the exposed part of the 
interior spheroid. This experiment, therefore, is mnch more 
precarious and inconclusive, and certainty far inferior to that 
of Mr. Cavendish. 

The experiment first proposed hj the distinguished French 
philosopher Coulomh consisted in sinking several holes of 
about i an inch in diameter in a solid conducting body, and 
then, having insulated and electrified this body, he introduced 
into the interior of these holes a small conducting disc of gilt 
paper fixed to the extremity of a thread of gum lac; this 
disc being again withdrai/ni did not exhibit any electrical 
manifestation ; he concludes therefore that the charge can* 
not pervade the substance of the body. The experiment, 
although true in its result, is still not perfectly conclusive, 
inasmuch as the disc may not, when passed into the interior, 
be susceptible of the previous inductive action requisite to its 
becoming charged with electricity : we know that such is the 
case in the interior of charged glass, in which an abundant 
charge exists, and yet an insulated disc placed within it v?ill 
not become electrified. 

26. Of this class of experiment the following may be re- 
garded as an instructive and important example. 

Escp, 21. Let « be a thin hollow metaltic sphere about 4 
inches in diameter, and having a circular 
opening at d, about an inch and a half 
across. Place this sphere on a long 
insulating support v. Let a be a small 
ball of brass about f ths of an inch in 
diameter, either solid or hollow, and 
insulated on a slender rod of glass c. 
Charge the small sphere a with elec- 
tricity so as to render it powerfully £\ 
attractive and repellent of an insulated 
trial leaf electroscope t, and afterwards 
plunge it within the interior of the shell 
9, but without touching the edge of the 
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opening at d. Having brought this electrified ball in contact 
with the interior of the shell, withdraw it again bj its in- 
sulating handle carefully, in a similar way. It will be found 
that every particle of the charge will hare left the small 
sphere a to appear on the outer surface of the sphere s, 
which will have now become attractive and repellent of the 
trial leaf ^: by a few repetitions of contact of the inner 
surface of s and the small sphere a, after being charged, 
the exterior charge upon s may be rendered very powerful ; 
for notwithstanding the previous communication of electricity 
to 8, the small sphere a will be continually and completely 
robbed of its charge by contact with the interior of the shell. 
If the hollow shell s be originally charged, and the small 
insulated ball a in a neutral state be introduced within it, 
then, as m the experiment by Coulomb, it wiU not on removal 
exhibit any electrical sign. 

27 • The most general and perhaps the finest experiment of 
this kind was that by Faraday, carried out in the lecture-room 
of the Royal Institution, in London, in Nov. 1837. Having 
constructed a light chamber of 12 feet cube covered with 
metalUc leaf, and insulated by adequate supports, he placed 
himself within it, used lighted candles, very delicate elec- 
troscopes, and other tests of electricity; but although the 
cube was placed in communication with a powerftd electrical 
machine, and charged so highly as to throw off powerful sparks 
and brushes of light from the exterior surface, yet not the 
l^ast effect was produced upon the electroscopes and other 
bodies within.* 

28. Other sources of electrical excitation. — ^We have as yet 
considered ordinary electrical excitation as arising exclusively 
from friction ; it will, however, be requisite to understand, as 
before remarked (2), that although friction under some form 
is for common purposes the most available source of this pecu- 
liar state of certain bodies, yet it is not the only source : a 

* Electrical Researches, p. 366 (1074). 
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greet variety of operations, both natural and artificial, are also 
canses of electrical disturbance ; such, for example, as pressure, 
umple contact, and other mechanical processes, — changes of 
temperature, — changes of form, — chemical changes, — magnetic 
influence, and some others. The following are interesting 
illustrations. 

£iep. 22. Excitation by chemieal change of form and tem- 
perature. — Liquefy a little common brimstone b; a gentle heat 
over a fire, in a covered earthenware vessel, and pour it into a 
dr; nine-glass ; put a short rod of glass into the liquid, to 
serve as an insulating handle : when cold, remove the solid 
brimstone cone from the glass, and it nil! be found, by means 
of the trial leaf, to be in a state o( active excitation, together 
mth the glass, which will be in an opposite or positive state. 
Chocolate and several snbstances become electrically exdted id 
this way in passing from a fluid to a solid state; and the 
evaporation of pure water froTB a clean platinum crucible made 
red-hot is unquestionably attended by an electrical develop- 
ment. 

M. Pouillet, however, faOed to veriiy this, and contends, 
with some reason and much ability, that all changes of this 
kind produce electricity by the attendant chemical action. 
Thus, in the evaporation from the earth's surface, pure water 
becomes separated from its various saline impregnations. 
Now, it is nndoubtedly true that the electrical Indications 
from artificial evaporation are less from pure water than &om 
saline solutions, and ore always increased fay the presence of che- 
mical action ; still the author of this work, by means of a very 
delvEWte manipulation, obtained electrical manifestations in the 
eTaj)or*tion of pure water from a clean and heated surftce of 
pintinnm, in which there was no fail gro'nnd for assuming the 
existence of chemical action. 

E.rp, 23. Excitation from ehangee of temperature only. — 
Ex{>(i9e a piece of tontmaline to a moderate heat, by placmg it 
on a common watch-glass carefully held over a spirit lamp for 
a short time. This curious stone, in cooling, will exhibit a 
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strong; electrical action, just as if it had been excited bj 
friction. Seyeral crystallized gems become electrical in this 
way. 

Exp, 24. Excitation by chemical action, — Pour some dilute 
sulphuric acid upon coarse iron filings contained in a green 
glass bottle, and place the bottle on a small insulated stand ; 
then during the chemical action which ensues, the exterior 
surface of the bottle will appear electrified, and will attract 
the trial leaf when presented to it, or cause the electroscope 
(17) to diverge. 

Exp, 25. Excitation by contact only, — Let two circular 
discs, one of zinc and the other of copper, about 5 or 6 inches 
in diameter, be well polished and faced up together, and be 
mounted on insulating handles. Apply the faces to each 
other, and then separate them again : one of the discs will 
give positive, the other negative electricity. 

The charge in this experiment is so extremely small as only 
to be made sensible through the medium of the most delicate 
instruments, to be hereafter described. It has been con- 
tended by our most celebrated chemists, that this weak charge 
is not the result of pure contact, but arises from an insensible 
bat slight oxidation of the zinc surface from the moisture and 
oxygen of the air. Volta, however, with whom the experi- 
ment originated, as also many distinguished philosophers of 
the present day, consider that the mere contact of the dissi^ 
nular metals is the source of electrical change. The question 
is an important theoretical question, and still open to much 
investigation. 

Exp, 26. Excitation by contact with pressure, — Lay a piece 
of white silk ribbon, about 6 inches in length and 2^ inches 
wide, on a clean block of wood having an insulating handle. 
Place a similar piece of black ribbon immediately over it ; 
cover this by a second block, and subject the whole to severe 
pressure by means of a common press. Withdraw the blocks 
and silk, and whilst sustaining the mass by the insulator, 
remove the upper block and separate the pieces of silk. Each 
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piece will have received a slight charge, sensible to a mode- 
rately delicate electroscope. 

Some exceptions have been taken abo to this class of expe- 
riments, on the ground that it is impossible to apply pressure 
without friction, and that in the mere separation of the silk 
friction must necessarily ensue. Allowing, however, for aU 
this, there is sufficient evidence for concluding that bodies 
pressed closely and powerfully together exhibit on separation 
electrical signs. Thus, among natural substances, we find the 
separation of the laminee of mica, or Muscovy talc, attended 
by powerful electrical signs, and not unfrequently by the 
presence of electrical light. 

The ingenious De Luc, adopting the contact theory, arrived 
at a sort of spontaneous perpetual electrical excitement, which 
he termed the Electric Column, and which is constructed in 
the following way : 

Prepare a series of about a thousand or more small circular 
discs of silver, zinc, and paper ; place them in a glass tube pre- 
viously well dried, taking care that the discs are all placed in 
the same order, as silver — -paper — ginc — silver — paper — zine, 
and so on. Secure the extremities of the tube with corks 
or metallic caps, and let short wires pass through them, so as 
to press upon the terminating plates of the series, as in the 
annexed figure 15. Then by the contact and association of 
these bodies in consecutive groups, each extremity a, b, of this 

Kg. 15. 
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dry pile, as it is called, will evince opposite electrical states ; 
the zinc extremity being positive, and the silver extremity 
negative. A pile of this kind is extremely useful in affording 
at all times weak positive or negative electricity. 

Excitation by the contact of metals and fluids, — ^Another 
powerful and peculiar source of electrical excitation consists in 
a similar arrangement of metals with water or moistened cloth 
interposed, commonly termed the voltaic pile. Copper and 
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sine are the metals usually employed. If a series of about 50 
circular or square discs of these metals, of about an inch in 
diameter, be grouped in the order of zinc — moistened cloth-^ 
copper, toth the zinc and copper extremity will exhibit attrac- 
tive and repellent effects, such as have been already described 
(16). The metallic plates, when square, may be joined at their 
faces, and placed so as to form a series of cells in a trough 
of wood, as in fig. 16. In this arrangement, if river water 

Fig. 16. 




be poured into the cells, the electrical power of the terminating 
plates is considerable; the zinc extremity being electrified 
positively, and the copper negatively ; and if the interposed 
fluid be a solution of common salt in water, a faint shock will 
be experienced on touching the opposite extremities of the 
series. 

Excitation hy Umng animal matter, — Certain fish, such as 
the torpedo and gymnotus, have a similar electrical power, 
derived from a peculiar organ acted on by a fluid, and which 
enables them at will to excite a peculiar and very strong elec- 
trical action. 

Excitation hy magnetic influence. — A peculiar species of 
electrical excitation may be caused by the influence of mag- 
netism on metallic wires, exerted eilher by the natural magnet 
termed the loadstone, or by a combination of steel bars, form- 
ing a compound artificial magnet. 

Exp, 27. Coil some hundred feet of copper wire, covered 
with silk, carefully round a soft iron bar, allowing the extre- 
mities of the bar to project freely beyond the coil. Fix the 
ends of the coil extremely near each other, and bring the ends 
of the bar into contact with the poles of a very powerful mag- 
net. A sort of electrical disturbance will ensue throughout 
the whole extent of the wire, which may be made to manifest 
itself in the form of a spark between the ends of the coil, and 
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to exhibit other electrical indications; and this effect will 
be prodnced whenever we break or make contact with 
the magnet. Let H, fig- 1 7, be a batteiy of bent magnetie 
bars ; o fi, a curved bar of soft 
iron having from 300 to 500 feet 
of copper wire coiled round it at e, 
the extremities of which, p n, come 
rery near each other. Then, when 
a contact is made between the pro- 
jecting eada ab of the bar of soft 
iron and the ends or poles de of 
the magnet u, electrical indications 
win ensue between p and n. To 
fiudlitate the effect, one extremity 
of the coil is plunged into a small 
cup filled with mercury, and the 
opposite end is made to close as it 
were upon the surface, so as to be 
very near it ; this arrangement, however, ia not abown m the 
figure. 

We are indebted to the admirable researches of Dr. Faraday 
for this beautiful fact. 

With an arrangement of this kind, and with a coil of about 
3000 feet of wire, M. I^ii, of Paris, obtained ordinary elec- 
trical attractions and repulsions on leaf gold. In thb case the 
magnet u was made to revolve rapidly on a strong central 
axis passing- through om, the poles or extremities de being 
extremely near the ends a fi of the curved bar of sofl iron 
carrying the coil, bo as to produce an insensible contact, every 
time the poles passed the ends of the bar ; the result was a 
continued carrent of most brilliant sparks between the extre- 
mities j)n of the coil. Similar results were subsequently 
obtained by Mr. Saxton, who, by a moat ingenious mechanical 
arrangement, caused the iron aeb and coil e to revolve instead 
of the magnet. 

29. Eleetrieal Mtmipulittion. — A few remarks on the elec- 
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trical manipulation requisite to the success of the several 
experiments we have hitherto descrihed, may not be here 
altogether out of place. It may, however, be observed that 
these experiments have been purposely selected as being of 
the most simple and easy kind. 

In the first place we have to remember^ that since water is 
found in the class of conductors (9), and that the success of 
electrical experiments mainly depends on good insulation, it is 
most important to select a dry atmosphere for such experi- 
ments; or otherwise to render the air dry artificially by an 
Amott's stove, which is admirably adapted to this purpose. 
It will be forther desirable in certain cases to perfect the in- 
sulations by exposing them to the warmth of a small iron, 
heated to redness, and curved in such way as nearly to encircle 
the insulating support, as repre- Rg. 18. 

sented in the annexed fig. 18. __ijmpi^i /7 r\ 



Moreover, the surfaces of glass 
rods used as insulators should be carefully varnished over 
with a solution of shell lac in rectified spirit, laid on the 
glass before a fire, the glass having been previously warmed. 
If these precautions be not taken, the accumulated electricity 
will speedily disappear by conduction over the surface of the 
insulators (8). Silk threads intended for insulation should 
be treated in the same way. 

The principal articles requisite to the student for the 
prosecution of early experimental inquiries are the following : 
A few tubes of glass, varpng from -^ to 1^ inch in diameter ; 
some glass rods from -J-th to -|- an inch in diameter ; a few 
filaments or stout threads of glass, of about the -ji^th to the 
i^th of an inch in diameter ; silk thread of various sizes ; 
fine threads of unspun silk from the silk-worm, for the sus- 
pension of light bodies ; shell lac, common sealing-wax, a roll 
or two of brimstone, and one or two other electrics of the 
resinous class (5) ; a little soft white silk, coarse oiled silk,' 
fine leather, and some dry woollen stuflF and dry hare-skin, 
for excitation; a piece of aurum musivum; straw reed of 

b5 
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various diameters ; light cotton and Hnen thread ; a few small 
balls of wood and cork of various sizes, from ^ to |- an inch 
in diameter ; some small balls formed of the pith of elder, 
varying from the ^'^th to the -J^rd of an inch in diameter, 
and which are easily produced by turning the pith about 
in small hemispherical cavities formed in any soft body 
capable of attrition, such as soft sand-stone ; sundry other 
light bodies, such as cotton wool, downy feathers, &c. ; a few 
books of Dutch metal and gold and silver leaf; metalUc rods 
of various sizes, — brass wire answers very well ; a few hollow 
metallic balls, — these are usually made of brass, and pohshed ; 
a solution of shell lac in spirits of wine. 

Electrical excitation is greatly promoted by the use of an 
amalgam of zinc, tin, and mercury, in the proportion of 1 part 
tin, 2 parts zinc, and 4 parts mercury. The zinc should be first 
exposed to a melting heat in an iron ladle; the tin is then to be 
added, and finally the mercury : this being gently heated in 
another small iron ladle, should be poured gradually upon the 
hquefied metals, stirring the mixture carefully at the same time. 
After allowing the amalgam to cool down, it shouldbe poured, just 
before soHdifying, into a wooden or iron box, and be constantly 
agitated by shaking until cold. It will commonly be found in 
the form of a powder, or an easily pulverized mass. The mass 
should be triturated in an iron mortar, and sifted through 
a small muslin sieve, so as to obtain an extremely fine powder : 
this powder, when employed to promote excitation, should be 
rubbed up in a mortar with a little lard, just enough to hold 
the particles together, and be then spread on the rubber with 
a common palate knife. It is principally employed for the ex- 
citation of glass, which may be powerfully excited by this 
amalgam, appHed to the rough side of oiled sffli oar htuM 
leather. 

An insulating stand for the suspension of light bodies 

will be found very convenient to the student ; also one or two 

insulating tables. The former is easily obtained by running 

^ender rod of glass through a ball of wood or cork, and 
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fixing the ball on an extremity of a slender glass rod, as 
represented in the annexed fig. 19. A horizontal arm of. this 
kind may be well employed for suspend- Fig. 19. 

ing a trial leaf, fig. 4, page 10. Wine- 
glasses with long stems, made dry and 
varnished, are convenient, when inverted, 
as small insulating tables: a common 
watch-glass, cemented by sealing-wax 
at the extremity of a long slender 
rod of glass, fixed on a firm base, is 
a very effective insulation. An insu- 
lating stool supported on four stout and 
well-varnished glass pillars, and upon 
which a person may conveniently stand 
or sit, is also a requisite piece of electrical apparatus. It may 
consist of a piece of well-seasoned mahogany about 14 inches 
wide and 20 inches in length. 

30. In conclusion it may be observed, that in all cases of 
excitation it is desirable to preserve the surface opposite to 
the excited surface in a perfectly dry state, and protected 
from moisture : thus plates of glass will excite more freely 
on one surface when the opposite surface is varnished with 
shell lac, or what is better, coated over with sealing-wax. The 
electrical tube or ball described in Exp. 4 (7), being extremely 
available to the purpose of the student, should be thus treated : 
the interior surface should be either varnished or coated with 
seaHng-wax ; — this is effectually done by first pulverizing the 
sealing-wax, and then placing it within the tube ; after which 
apply a strong heat sufficient to dissolve the wax, and allow it 
to float over the surface of the glass. A tube thus prepared 
with the amalgam just described (29) will never fail, when dry, 
to evolve positive electricity in great quantity; and, when 
coated on the outside with sealing-wax or a thick coating of 
shell lac varnish, negative electricity also, as before observed 
(15), may be procured. In this case, however, the surface 
must be excited with woollen, or soft white silk, or hare-sV 
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31. Having now considered >nd illustrated by simple ei- 
periments some of the more obvious and elementary phenomena 
of ordinary electrieity, those which first demand attention, and 
upon the clear apprehension of which all further progress in 
this department of science maluly depends, we may now 
briefly advert to the prevailing theories, or rather philoso- 
phical speculations, which have been advanced in ezplanadon 
of them. 

If we examine the notions entertained by some of the more 
early Electricians, we find them to be, in many instances, of a 
somewhat rude and unsatisfactory character. Boyle imagined 
that an electric emitted a sort of glutinous effluvium which laid 
hold of small bodies and brought them back to the excited 
electric. ThecelebratedNewton.however, intwoQueriesat the 
end of his ' Optics,' appears to imagine, with his accustomed 
diffideuce, that electric bodies, when excited, emit a very 
attenuated elastic fluid or exhalation, in consequence of the 
vibratory motion of their parts. 

That electrical phenomena depend on some infinitely subtle 
and pav'erful agency pervading the material world, is in the 
present stat« of natural knowledge very probable. That this 
agency is either in itself a subtle form of matter, or a force 
origiiiHting in some all-pervading material element, differing 
esst'iitiully from any kind of matter of which we have the 
least cognizance, is also highly probable, although by no means 
certain. Admitting, however, these suppositious, two theories 
claim our espedal attention. 

3'2. 'like first originated in the discoveries of DuPay and Sym- 
' 4). This theory supposes electricity to he an infinitely 
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attenuated fluid pervading the most compact bodies, being 
compounded of two primary elements possessing distinct 
and opposite properties. These elements, which are called 
fjitreoM and resin&us electricities, are also assumed to be highly 
elastic fluids of perfect fluidity and elasticity, each repulsive of 
its own particles, but attractive of the particles of the other ; so 
that when combined, they completely condense or neutralize 
each other, and electrical repose or quiescence is the result. 
When, however, a disunion of these elements takes place, each 
becomes active, and hence the source of the phenomena of 
electrical excitation, which consists in a separation and 
abstraction of one of the elements, leaving the other in 
excess or uncompensated. The direct consequence of this 
is that the elementary electricity in excess, whichever it be, 
will tend to disturb the neutral electricity of any substance 
near it by operating upon the opposite elementary electricity 
it contains ; so that the balance of the two electricities in 
combination in the neutral body is overset, its electricity being 
separated, as it were, into its constituent elements. This 
constitutes induction (20). Now attraction is an immediate 
consequence of this induction, since the opposite electricities 
tend to unite, so that the bodies, if free to move, approach each 
other (23). When the opposite electricities are already in 
excess in two substances, they attract, and the bodies tend 
towards each other as before. Repulsion is supposed to arise 
from the excess of either of the elements in both the repellent 
bodies, the particles of which, by the hypothesis, repel each 
other. 

This theory does not recognize any peculiar affinity or 
attractive force between either of the electricities and common 
matter : it assumes, however, that there is an intimate associ- 
ation of the quiescent or compound element termed electricity 
with the particles of common matter, and that this electricity 
is indefinitely attenuated and imponderable. When resolved 
into its constituent elements, and a portion of one of them is 
abstracted, then the element in excess is found by the repulsio- 
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of its particles in a thin stratum on the surface of the body 
where it is Iretained^ within a hollow vase of air, hj the pres- 
sure of the atmosphere. 

33. The second view of electrical action, differing essen« 
tially from the former, originated at the same time with Dr. 
Franklin in America, and with Br. Watson in England, about 
the year 1747. It has been with justice called more especially 
the Frankliman Hypothesis^ from the beautiful and extensive re- 
searches of that celebrated Philosopher, and the admirable way 
in which he brought them to bear on the general phenomena 
of electricity. This theory supposes the existence of a single 
elementary homogeneous fluid of extreme tenuity and elas- 
ticity, without weight, existing in a state of equable distri- 
bution throughout the material world; it is assumed to be 
repulsive of its own particles, but attractive of all other 
matter. When distributed in bodies in quantities propor- 
tionate to their capacities or attraction for it, such bodies are 
said to be in their natural state. There is in this case a sort 
of equilibrium of distribution, and the result is electrical repose. 
When, however, we increase or diminish the quantity in any 
substance, we disturb this equiHbrium, and a powerful action 
ensues, arising out of the attractive force of the body to 
regain its natural share of the electric fluid, if its original 
quantity be diminished, or to throw it off upon other bodies, if 
increased. 

According to this theory, excitation is the result of a 
change in the relative attractive forces of the rubber and 
electric for electricity, when brought into contact ; in which 
case the attraction of the one for electricity is increased, and 
that of the other diminished. Still, however, whilst in contact, 
the equiHbrium of repose is not apparently disturbed (6), 
since the two substances may be taken as one : when, however, 
we disunite them, the original attractions are restored whilst 
the new distribution remains, and the result is, that one of the 
bodies becomes overcharged with the quantity abstracted from 
the other, which is consequently minus or undercharged; 
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that is to say^ one is charged pontively, the other nega* 
tively (6). 

Electrical Induction is the result of the tendency of the 
electric fluid to an equilibrium of distribution. If a body be 
overcharged^ it endeavours to throw off the superabundant 
quantity upon any other body near it, causing the electricity 
of the neutral body to recede to its more distant parts, so as 
to make, as it were room for it. (20) (21.) If under- 
charged, or deficient of its natural share, then the common 
matter of the body attracts towards it the electric fluid in any 
other neutral body near it, causing a flow, as it were, of the 
natural electricity of the neutral body from its more distant 
parts ; in either case disturbing the electrical distribution of 
the neutral body, and electrifying its opposite extremities, — 
the one positively, the other negatively (21). 

Attraction is an immediate consequence of this influence of 
induction, from the tendency of the opposite, or plus and 
minus states, to unite and equalize the distribution; the 
attractive force of the matter of one of the opposed surfaces for 
electricity being increased, the other diminished. In fact, the 
one is in a condition to supply the electricity required by the 
other. ^ 

Electrical Repulsion is the result of the repulsion of the 
particles of electricity collected in the repelling bodies when 
these are overcharged, and the result of the attraction of the 
denser fluid in the medium surrounding the body when under* 
charged. 

34. Both these theories, or rather hypotheses, explain readily 
many complicated phenomena of electricity, yet they must be 
admitted to be extremely defective in their general application 
to the mass of facts which they are required to elucidate : one 
of the great difficulties in the way of both, is the phenomenon of 
electrical divergence (13), since it may be shown, that if as- 
sumed to depend on a purely repulsive force existing in the 
molecules of an electric fluid, then it is a species of repulsion 
essentially different from any repulsive agency of which we 
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have the least experience, — its action being at great distances, 
and operating between distinct and circumscribed collections 
of repulsive matter disposed on the surfaces of bodies. But it 
may be shown on common mechanical principles, that no 
motion could possibly take place in this way. Some of the 
French philosophers, aware of this fact, have accordingly 
endeavoured to account for electrical divergence by a mecha- 
nical action on the surrounding air. The Fraukliuiaus, on the 
other hand, when they found it impossible to apply their 
principles to the divergence of negatively electrified bodies, 
that is to say, bodies from which the agency has been abstracted 
but upon which the repulsion is assumed to depend, resorted 
first to an attraction in the surrounding medium as the cause 
of the separation of such bodies. Many were in consequence 
led to explain every case of electrical divergence on this piiu- 
ciple, and to deny the existence of a repulsive force in electricity 
altogether. As it became, however, difficult to support this 
view, they were finally led to assume that the repulsion in such 
cases arose from an actual repulsive force between the particles 
of common matter when deprived of their natural share of 
electricity ; all of which, it must be allowed, are only so many 
plausible excuses for a defective theory. 

These difficulties have been still further increased from the 
circumstance that very perfectly insulated bodies have by 
modern experiments been found capable of retaining their 
charge in an extremely rarefied medium, such as that pro* 
duced by the most perfect air pumps, and that electrical 
divergence and attraction can be exhibited in such a medium, 
much in the same way as in a dense atmosphere. 

35. iEpinus and Cavendish were among the first to 
discover and supply the defect in what was termed the 
Franklinian Theory, by attributing a repulsive force to the 
particles of common matter when deprived of their electricity; 
Mr. Cavendish, in the Philosophical Transactions for 1 771, lays 
down his hypothesis in the following way, which, although 
quite original with him, in no sense differs from that of ^pinus^ 
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" There is a substance which I call the electric flmd^ the 
particles of which repel each other and attract the particles 
of common matter with a force inversely at some less power 
of the distance than the cube : the particles of all other matter 
also repel each other, and attract those of the electric fluid 
according to a similar law." 

All bodies in their natural state contain such a quantity 
of electric fluid, interspersed between their particles, that 
the attraction of the electric fluid in any one point for a 
given particle of matter shall be equal to the repulsion of the 
matter on the same particle. In this state Mr. Cavendish 
considers the body as saturated with electricity. If the body 
contains more, he calls it overcharged, — ^if less, undercharged. 
This b the hypothesis, and upon which he bases a learned 
and most valuable mathematical investigation. 

36. In his subsequent manuscripts, however, Mr. Cavendish 
appears disposed to revise this hypothesis, as we find in a 
Paper termed ' Thoughts concerning Electricity/ and which is 
of a very interesting character, he says, '' Electricity seems to 
be owing to a certain elastic fluid interspersed between the 
particles of bodies ; and perhaps also surrounding the bodies 
in the form of an atmosphere : if it thus surrounds the bodies 
it can only extend to an imperceptible distance, that is, to a 
distance much less than that of the smallest distance within 
which two bodies can be made to approach; the attractive 
and repulsive forces, however, extend to very considerable 
distances. That the electric atmospheres cannot extend far, 
is, I think, evident from the fact that the electric fluid will 
not pass from one conductor to another, however near they 
be, except by jumping as it were in the form of sparks ; 
whereas, if the electric atmospheres intermixed, it should 
seem as if the electricity might flow quietly from one to the 
other. Let any number of bodies which freely conduct 
electricity be connected by conducting rods, the electric fluid 
will be evidently equally compressed in all these bodies ; for if 
not, the fluid would move from the bodies in which it was most 
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compressed to those in which the compression was less, until 
the compression was equal : hut yet it is possible that some 
of these hodies may he made to contain more than their 
natural quantity of electricity, and others less. To make 
what is here said more intelligible, let us suppose a long tube 
to be filled with air, and let a given part of this tube, and 
consequently the air within, be heated, the air will thereby 
expand, and hence that part of the tube will contain less air 
than it did before, but yet the air in that part will be just 
as much compressed as in the rest of the tube : in like manner, 
if you suppose the electric fluid to be not only confined within 
bodies, but also to surround them ; then if any power be 
applied to prevent its extension from them, such bodies may 
be made to contain less electricity than they would otherwise 
do, but yet the electric fluid surrounding them will be just as 
much compressed as it would be if that power were not 
applied. — It will surely be needless to warn the reader not to 
confound compression and condensation." Mr. Cavendish 
then proceeds to his hypothesis, and gives the foUowing de- 
finitions and hypotheses : — 

" Bef. 1. When the electric fluid within any body is more 
compressed than in its natural state, I call that body posi- 
tively electrified ; when it is less, I call the body negatively 
electrified. 

" Bef, 2. When any body contains more of the electric fluid 
than it does in its natural state, I call it overcharged; when 
less, I call it undercharged. 

'* Hyp, 1. Every body overcharged repels an overcharged 
body and attracts an undercharged body. 

'* Hyp. 2. Every undercharged body attracts an over- 
charged body and repels an undercharged body. 

" Hyp. 3. When an overcharged body is brought near 
aiiother body, it makes it less able to contain electricity than 
before. 

" Hyp. 4. When an undercharged body is brought near 
another, it makes it more able to contain electricity." 
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TTpon these principles Mr. Cavendisliy with the aid of certain 
corollaries, proceeds to explain the phenomena of electricity. 

In some additional notes he considers the case ofaflnid 
*' whose particles mutually repulse each other" and uniformly 
spread through infinite space/' and says^ if the repulsion be 
inTcrsely as the n th power of the distance, n being greater 
than 3, it would constitute an elastic fluid hke air, " except 
that the elasticity would be as the n + 2 power of the dis- 
tance of the particles inversely, or as the -j— power of the 

density directly.** 

37. Eales, an intelligent Irish gentleman, who wrote oil the 
snbject of electricity about this period, viz. 1771, advances an 
hgrpothesis, which, upon the whole, may be probably found 
less embarrassed than either of the preceding. Mr. Eales 
assumes, in common with other philosophers, the existence 
of an extremely subtle agency, termed electricity or the 
electric Jluid, and, as appears by his letters to the Royal 
Society in 1757 and 1758, he was one of the first to discover 
the two elementary electricities of which the electric fluid is 
said to be composed. These two electricities, or electrical 
powers, as he terms them, consist of two distinct elastic 
media^ which equally condense and attract each other, and are 
at the same time equally attracted by all other matter: they are 
supposed to be repulsive of their own particles, and to have 
each, when separated from the other, a power of expansion in 
all directions, the Umit being determined by the attractive force 
of the matter of the electrified substance acting against the 
electrical force of expansion. In this way an electrical stra- 
tum is conceived to exist about any substance charged with 
electricity, held to its surface by the attractive force of the 
matter of which the substance consists. Excitation, as in the 
first theory, consists in a separation and abstraction of one 
of these elementary forces, leaving the other in excess. Jn- 
duction is the result of the expansion of the electricity in 
excess towards any neutral body, — attracting the one element. 
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but repelling the other element of the electricity of the neutral 
body^ and so disturbing its electrical state (21). Attraction is 
the consequence of this by the combination of the opposed 
electricities (23), which condense each other at a distance, and 
so drag the bodies together as it were through the medium of 
their respective electrical strata held by attraction to their 
surfaces. A similar attractive effect results from the ex« 
pansions of the electricities of two substances oppositely 
electrified (23). Kthe two electrified expansions be similar, 
as in the case of similarly charged bodies, then the meeting of 
these at the point of contact will cause the bodies to separate 
up to' a distance at which the repulsive action of the elementary 
electrical particles is balanced by the attractive force of the 
matter of the bodies for these particles (23). 

Such were the views of Mr. Eales ; and it must be allowed 
that they involve less difficulty than either of the others. 
That two opposite electrical forces or powers are called into 
play in every case of electrical action, is quite certain, from 
whatever source they may be conceived to be derived ; and it 
is hence only required to explain how these forces act in. 
bringing about the perceived effects. Mr. Eales had certainly 
the merit of originating a doctrine of opposite electrical forces ; 
but being a prolix, and in some respects a rather unmethodical 
writer, his views have not met with that attention which they 
really merit* 

38. Within the last 25 years a bright light has been 
thrown on the probable nature and laws of electrical action, 
through the magnificent researches of Faraday. This justly 
celebrated philosopher, recognizing two kinds of electrical 
force, conceives electrical induction to depend on a peculiar 
form of physical action, propagated between contiguous mole- 
cules of force. In these intermediate molecules a separation 
of the opposite electricities takes place, and they become 
disposed in an alternate series or succession of positive and 
negative points or poles : this he terms a polarization of the 
particles, and in this way the force is transferred to a distance. 
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Thus, if in fig. 20, p represent a positively Rg^20. 
charged hody, and abed intermediate molecules, 
then the action of p is transferred to a distant 
hody N by the separation and electrical polariza- 
tion of these molecules, indicated by the series of 
black and white hemispheres. Now if the par- 
ticles can maintain this state,- then insulation 
obtains ; but if the forces communicate or dis- 
charge one into the other, then we have an equa- 
lization or combination of the respective and 
opposite electricities throughout the whole series, 
including p and n. 

39. Although in the above fig. 20 we have resorted to the 
exhibition of gross material particles by way of illustration, 
yet the theory is not dependent on the actual existence of 
such particles, as usually assumed in the chemical doctrine of 
material atoms ; rather on the contrary, it contemplates some- 
thing much more refined. This theory is in fact limited to 
the laws and arrangement of powers or forces, either as exist- 
ing through space or through common matter, without at aU 
considering indefinitely small atoms of mere sojidity having 
certain powers impressed on them. Faraday does not stop 
to associate together by incomprehensible mechanical relations 
an hypothetical electric fiuid, with gross matter such as this,' 
but comes at once to a positively existing state of things. If 
we are to have assumptions in this branch of physics, which 
it appears we must, then he conceives that we should assume 
as Uttle as possible. Now it is safer and more simple to 
assume the existence of molecules, or atoms, taken only a» 
mere centres of force, than the existence of Httle impenetrable 
nuclei of solidity with superadded powers. In the latter 
case,, if we take such atoms as indefinitely small, they at last, 
vanish into mere mathematical points, and become as so many 
nothings ; still the forces grouped around them are left, and 
in this way we conceive only of material atoms, as so many 
centres offeree, — and which force may be further conceived 
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to pervade all space, and penetrate every thing we call sub- 
stance. In fact, we find nothing in space, either vacant or 
occupied by common matter, but forces of various kinds, and 
the lines in which they are exerted. The student, it is true> 
may find it difficult to bend his mind to the conception of mere 
forces or powers, independent of a something separate from 
these forces, and which we call matter ; yet he must remem- 
ber, that in this branch of science it is really with powers or 
forces only that we are concerned, and that it is far more 
difficult after all to imagine matter without powers or proper- 
ties of force, than the forces without the matter. We recognize 
the forces almost everywhere (1), but we recognize the ultimate 
atom of mere solidity nowhere, except in the imagination. 

Considering then what we call an atom of matter as an atom 
of force, matter will be continuous and devoid of space within ; 
for the grouping together of such atoms into a mass will give 
that mass every property, as regards force, which we observe 
masses to possess; and nothing can be supposed of the dispo- 
sition of force in or about an indefinitely small solid nucleus, 
that caimot be equally well referred to a centre of mere force 
without the soUd nucleus: it is hence competent to us to 
reason upon such forces and centres of force, just as we should 
of solid atoms and the forces superadded to them. In the way 
of hypothesis, as regards forces, the solid nucleus is of no use to 
Us whatever — supposing the material forces to be compressible 
or extensible, that is, to possess the quality of elasticity—* 
then we have no difficulty in conceiving the increase or 
decrease of matter in bulk ; nor shall we have any difficulty in 
conceiving the propagation of that species of electrical action 
which we call conduction, or the arrest of it, which we call 
in8uUUiong without having an intervening nonentity space to 
jump over ; which is a sort of negation of all properties what- 
ever, so that in the new views which Faraday has advanced 
relative to electrical action, he has very wisely disencumbered 
his mind of the presence of what may be termed solid material 
atoms, and recognized only certain forces and laws of force* 
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which are as well known to us as the force of gravity and lines 
of grayitating force. In this sense we hare lines of electric 
force, of inductive force, of magnetic force, and so on. 

If intervening particles of common matter, taken as centres 
of force, be present, thej may, and probably do, take part in 
carrying on the line ; but if not, the line extends through 
space. Such lines (^ force, either straight or curved, being 
conceived to unite centres of force and masses together, then 
certain affections of these lines, as vibrations either lateral or 
oblique, or any other kind of affection, may give rise to a great 
variety of new phenomena. 

This theory then being Hmited to mere powers or forces, 
and the laws of their arrangement, considers particles of com* 
mon matter*taken as centres of force, as being more or less 
conducting ; the particles not being in their quiescent state 
arranged in a polarized form (fig. 20), they become so by the 
influence of contiguous and charged particles, — they then 
assume a forced state, and tend to return by a powerful 
tension to their original normal position ; — being more or less 
conductors, the particles charge either bodily or by polarity ; 
— contiguous particles can communicate their forces more or 
less readHy one to the other : when less readily, the polarized 
state rises higher, and insulation is the result; when more 
readily, conduction is the consequence. Hence conductors 
and insulators are bodies whose particles have naturally more 
or less power to communicate the electrical forces, just as 
they possess other natural properties. Induction is the action 
of a charged body upon insulating matter, or matter the 
particles of which communicate the electrical forces to each 
other in an extremely minute degree. Such are the theoretical 
views and results of Faraday's investigations ; and it must be 
allowed that he has placed them, by a most conclusive sequence 
of experiments, carried out with admirable skill and profound 
reasoning, far within the Hmits of mere conjecture. 

40. Grove, in a very elegant and able Memoir on the 
^Correlation of Physical Forces/ considers all those peculiar 
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powers which we term electricity, magnetism, heat, light, &c., 
as correlative, and as having a reciprocal dependence on each 
other, through the agency of motion, into some form or mode 
of which they may he resolved. Thus the gross and palpahle 
motion which is arrested hy the contact of one hody with 
another, may he resolved into molecular vihration, undula* 
tions, &c., and which vibrations or undulations constitute heat 
or electricity as the case may be, — a view supported by an 
authority no less than that of the great Lord Bacon, who, 
from a large induction of facts, concluded that heat is essen- 
tially motion. 

, Hie student^ however, will do well to remember, both for 
his own sake and for the sake of others, that all these specula- 
tions are mere assumptions, that what we call a theory or 
hypothesis is a sort of artificial representation to the mind of 
a possible way in which observed phenomena may be linked 
as it were into a consecutive chain, — ^but of the actual truth of 
which we can assert nothing : we must hence be very careful 
not to substitute the assumption for the fact, and yield to the 
temptation, so strongly fostered by habit, to refer observed 
phenomena to certain recognized views, to which the mind 
may have been long moulded and shaped. 



III. 

Blectroscopes — Condenser — Electrical Machines — Hydro-electric Machine 
— Electrophorus — Theoretical views of the action of Electrical Machines 
-^The Electrical Jar or Leyden Phial — ^Theoretical views of the Electric 
Jar — Electric Batteries — Electrometers — Quadrant Electrometers — Tor- 
sion Electrometer — The Bifilar Balance — The Scale-beam Electrometer 
^The Discharging Electrometer — The Unit Measure — The Quantity 
Jar — The Thermo-Electrometer. 

41. Instruments for indicating the presence and quality or 
kind of electricity are termed Electroscopes and Condensers. — 
Electroscopes consist of any delicately suspended light hody, 
capable of yielding to the smallest degree of force. Downy 
feathers, reeds, small balls of the pith of elder, fragments 
of cotton wool, &c., when suspended by fine filaments of silk 
or cotton from any convenient support, such as that shown 
in fig. 19> constitute the readiest and most simple form of 
this instrument r The metallic leaf already described (13), 
attached to a slip of paper and suspended in any convenient 
way, is perhaps the best electroscope of this form : when 
constructed of leaf gold or silver, and shielded by plates of 
glass, it is sensible to the least possible force. Of the more 
elaborate kinds of electroscope, the following are worthy of 
attention. 

The Balanced Needle, — ^This form of electroscope may be 
advantageously constructed as follows : upon a short bent 



Fig. 21. 




brass wire, ane^ fig. 21, are placed two light reeds ah and 

c 
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cd, 80 Bs to form anns of unequal length : the long arm e d 
carries a light disc d of stiff gold paper^ of about i an inch in 
diameter ; the short arm a b carries a balance weight h, which 
may be a small shot or a ball of sealing-wax. The whole 
is delicately poised by a central point n upon a short piece 
of brass rod h, supported on a varnished rod of glass hs. 
The balance may be readily adjusted by sliding the reeds a b 
and € d upon the bent brass wire> so as to elongate or contract 
the opposite arms. 

When this needle is used to detect the mere presence of 
electricity by its attractive force, a metallic thread is hung from 
the* brass rod h so as to uninsulate the needle, and the excited 
or other electrical substance is presented to the disc d. If we 
require to determine the kind of electricity, we withdraw the 
metallic thread from A, insulate the needle, and electrify the 
disc d either positively or negatively : on again presenting the 
electrical substance to the disc d, it will be either attracted or 
repelled, according as the electricity is of the same or of an 
opposite kind to that with which the disc is charged (16). 

Single Gold-leaf Electroscope. — An instrument of this kind 
was first described by Dr. Hare, of Philadelphia. It is best 
constructed in the following way. A sHp of gold leaf, about 
3 inches in length, and -^ths of an inch wide, is suspended 
from the extremity of a small brass rod, within a glass 



cylinder or sphere, as in the annexed 
figure 22. Immediately opposite the 
lower end of the leaf a similar small 
rod of brass passes through the side 
of the sphere, carrjring a gilt disc 
of wood or paper c, of about half an 
inch in diameter : both these slender 
brass rods terminate in small plates 
of brass or gilt wood, a and b, also 
about halfan inch in diameter. The 
metallic rod at a slides through 
pieces of cork, contained within a 



Fig. 22. 
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thort yaniished tube of glass, supported by a wooden cap; or 
a piece of cork may be placed in the straight neck of the glass. 
The second rod b c slides through cork in a similar way, either 
inserted in the opening originally formed with a neck in the 
side of the sphere, or in a cap of wood, cemented about the 
hole drilled through the glass. The whole is sustained on a 
convenient foot-piece. A common spherical lamp-glass with 
a hole drilled in its side, or a small chemical receiver, in which 
an opening in the side with a neck is already present, will be 
found convenient substitutes for a glass receiver made expressly 
for the purpose, as represented in the figure. 

If we require to detect by means of this electroscope, which 
is to the highest degree sensible, the presence of electricity, a 
thread of metal is hung on the rod b, so as to admit of a free 
inductive action (23), and the electrical body is then brought 
into contact with the disc a. When the distance between the 
leaf and the disc e is made very small, the most minute force 
of attraction becomes apparent. 

If we require to determine the kind of electricity, we slide 
the wire of the disc c so as nearly to touch the leaf, and then 
electrify gently the leaf or disc c, either positively or negatively, 
with moderately excited glass or wax. The leaf will then be 
repelled, and stand off from the disc (16). Under these circum- 
stances, if we present the electrical body to one of the plates 
a or b, the leaf will either diverge more freely, or collapse 
towards the disc c, according as the electrical state of the sub- 
stance under examination is of the same or of an opposite kind 
to that with which the leaf had been previously charged (17). 
In the use of this instrument care must be taken to preserve a 
dry atmosphere within the glass receiver, whieh may be, if re- 
quired, removed from its foot, and held for an instant over a 
warm iron. The glass also, about the openings through which 
the brass rods pass, should be caref\iUy varnished. With pro- 
per care, it is quite astonishing how sensitive the instrument 
becomes to the smallest electrical force. 

JElectroscopes of Divergence, — ^Two small balls of the pith 
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of elder, attached to a thread of silk or cotton, and hung 
over any appropriate insulating sup- Fig. 23. 

port, as in fig. 23, constitute an elec- 
troscope of divergence. If the halls 
he electrified either positiyelj or nega- 
tively, they diverge (17); and any 
suhstance in an oppositely electrical 
state will, if brought near them, cause 
them to collapse more or less (17); 
whilst a suhstance in the same elec- 
trical state increases the divergence. These have been termed 
'Canton's Balls,' from their heing first employed by that 
skilful Electrician. The Earl of Stanhope constructed 
an electroscope of divergence by suspending two deli- Fig. 24. 
cate reeds, terminating in pith balls, quite parallel to q 
each other, as shown in fig. 24. This electroscope is ^ 
more sensitive from the parallelism of the reeds, since 
the divergence will be more sensible when the legs of 
the electroscope hang parallel than when their upper 
extremities are in contact. 

The electroscope adverted to, fig. 7 (17), will be 
found an extremely useful and convenient arrangement 
from the facility with which electricity may be con- 
veyed to the suspended bodies through the me- 
dium of the short metallic wire to which they are 
hung. 

Mr. Cavallo obtained a delicate suspension by hanging the 
balls on short pieces of silver wire, formed into a loop at the 
upper ends, and moving on a ring of the same wire, as a point 
of suspension : this method gives extreme freedom of mo- 
tion. 

A very delicate and simple electroscope may be thus con- 
structed : cement a long light reed a b, fig. 25, upon the large 
end of a thick but finely pointed needle ; pass the needle and 
reed centrally through a small cork ball, and balance the sys- 
tem about the needle point a, by means of two stout pins 
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Fig. 25. 




thrust obliquely into the oork, and 
having a small quantity of sealing- 
wax melted upon them, to insure 
the stability of the system. Let the 
whole be supported on a short brass 
wire t a, sustained on a slender rod 
of glass p t, so that by a short arm 
t V the whole may be put in commu- 
nication with the ground, according 
as we require to exhibit an attrac- 
tive or repulsive effect on a pith ball 
6 fixed on the end of the reed. 

Benmetfs Gddrleaf Mectro9eope.^^T]m is one of the most 
perfect and beautiful of this 
class of instruments. It con- 
sists of two slips of gold leaf, 
attached to short slips of 
paper, and suspended parallel 
to each other within a glass 
receiver by means of a rod of 
brass passing through a Tar- 
nished glass tube, insulated 
in its neck, as represented in 
fig. 26. The end of the brass 
rod a is split open, and formed 
into forceps for holding the paper slips to which the leaves 
are attached, whibt the opposite extremity carries a small 
disc of metal or of gilt wood £?, as in the single-leaf electro- 
scope, fig. 22. 

When we require to ascertain either the presence or kind of 
electricity, the electrified substance is brought in contact with 
the plate at d. The leaves then separate, as shown in the 
figure ; the separation being permanent, at least for a short 
period of time. The kind of electricity is ascertained by pre- 
senting a gently excited rod of glass or sealing-wax to the cap 
d ; the leaves will then either collapse or have the divergence 
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increased, according as the electricitj with which they hxve 
been previously charged is of the same or of the opposite kind 
to that of either of these excited bodies (17). It may be re- 
quisite to observe that the sensibility of this instrument is such 
as to require extreme care in the progress of such experiments. 
We should only operate with very gentle electrical forces, just 
sufficient to produce a decisive effect on the leaves of the in- 
strument, and no more. Such is its sensibihty, that a slight 
flap with a silk handkerchief on the plate d will render the 
leaves divergent. The Rev. A. Bennett, the inventor, foimd it 
powerfully affected by the mere projection of powdered chalk 
upon the plate from a common brush, or by wind blown upon 
it from a common bellows. It may be employed with advan- 
tage for Experiments 9 and 1 1. 

The slips of gold are easily managed in their application to 
this instrument, if the proper means be resorted to, otherwise 
the process of applying or replacing them is tedious and diffi- 
cult. The gold leaf should be laid on a leather cushion, and 
handled with a flat clean palate knife, made very dry. The 
slip is cut, or rather divided, by the edge of this knife drawn 
with pressure over it parallel to one of the sides of the leaf; a 
small short slip of gilt paper, gently moistened atone end with 
the lips, is then appHed to the gold slip, by which it may be 
readily raised off the cushion. In placing the two leaves in 
the instrument, it is desirable to separate them a little by a 
very thin slip of gilt cork, so as to allow of their hanging 
parallel and free, without absolutely touching.* 

42. The Electrical Condenser, — ^We are indebted to Volta for 
this most important instrument, which is an appUcation of the 
principle of approximated surfaces (21) to the detection of 
extremely small forces. It may be inferred from Experiment 
15 (21) that an electrified conductor b, fig. 9, has a certain 

* The management of leaf gold and other metallic leaf heing of im- 
portance to the Electrician, he should provide himself with a hard leather 
ctLshion, a palate knife, and wooden forceps, such as are used by the gold 
beaters. The gold leaf employed should be firm, and of the best quality. 
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portion of the charge masked or neutralized when brought near 
a similar neutral body a in conducting communication with the 
earth. Under these circumstances, the effect of the distant 
surface e upon an electroscope may be not only very greatly 
diminished, but may be even reduced to nothing, or nearly so. 
In order, therefore, to affect the electroscope as before, an ad* 
ditioual quantity of electricity is required, in consequence of the 
exclusive or compensating action between the opposed surfaces 
a 6, Imagine, then, this additional quantity to be thrown upon 
the already charged conductor b, and the electroscope attracted 
in the same way as before. It is evident that if we now, under 
these circumstances, remove the opposed compensating surface 
a, that is to say, the body a, we shall immediately set free the 
previous quantity which it held in abeyance, and the electro^ 
scope will become attracted with the united forces of the whole, 
and so evince an increased effect. The near approximation of 
such a surface therefore enables an insulated conductor to 
absorb or receive a greater quantity of electricity under the 
same amount of activity, as shown by an electroscope, than it 
could otherwise support. In other words, it acquires an in- 
creased electrical capacity : this is, in fact, the principle of the 
condenser. Let two metallic discs a b, fig. 27, be placed 
extremely near each other, but 
so as not to touch, one of them, 
A, being msulated and sustained 
on a rod of varnished glass, the 
other, B, being supported on a 
metal rod, and hence uninsu- 
lated. If in this case a con- 
ductor or other body charged 
with a quantity of electricity so 
small as to be insensible to the 
most delicate electroscope be 
applied to the insulated disc a, and be again removed, then, 
by the influence of the opposed disc b, that small charge 
will have been all absorbed by the insulated disc a, and will be 
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seDsible to the electroscope t directly b is removed. This 
instrument, for the greater convenience of manipalation, is 
usually attached to the double gold-leaf electroscope, as shown 
in fig. 26, — the uninsulated disc being moveable on a hinge h, 
by which it may be turned back. 

An efficient and powerful condenser of a simple kind may 
be formed by placing a circular disc of wood, covered with 
tin-foil or metaUic leaf, very near a smooth table, which is 
easily done by allowing it to rest on three small fragments 
of common window glass coated over with sealing-wax, or 
otherwise varnished. This disc may be about a foot or more 
in diameter, and \ inch or a little more in thickness; it should 
be furnished with an insulating handle, d, fig. 31, page 67* 
If it be now required to examine any substance in so low an 
electrical state as not to affect a delicate electroscope, we bring 
it into contact with the disc, which, from its proximity to the 
table, can now absorb a quantity of electricity of which it was 
not otherwise sensible. If we now remove the disc by its 
insulating handle, and apply it to the electroscope, fig. 26, the 
leaves immediately diverge, by which both the presence and 
quality of a very minute quantity of electricity may be ascer- 
tained. If two plates of 1 foot in diameter be placed verti- 
cally, as in figure 27, and a fine trial leaf t be attached to the 
back of the insulated disc, we have at once a condenser and an 
electroscope of great sensibihty and simplicity. 

If, instead of transferring the plate immediately to the elec- 
troscope, we apply it to the second smaller condensing plate 
attached to the electroscope, as in fig. 26, and repeat the 
operation upon this second condenser, then it is quite asto- 
nishing how small a quantity of electricity may be detected, 
especially by repeated contacts with the first condenser, before 
turning back the plate of the condenser attached to the elec- 
troscope. 

This process of multiplying the effects of very small forces 
has been extensively employed by Electricians in very refined 
electrical inquiries, and has given rise to instruments termed 
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'multipliers' and *doublers;' these^ although exhibiting 
great skill and ingenuity in construction, are still liable to 
considerable objection, being of themselires, from their ex- 
treme delicacy, liable to induce a low state of excitation, and 
hence to manifest equivocal residts. 

INSTRUMENTS FOR EXCITING AJiD COLLECTING 

ELECTRICITY. 

43. Any instrument for the excitation and collection of elec- 
tricity is termed an electrical machine. Those machines in 
which the excitation is produced by friction consist, 1st, of 
some electric to be excited ; 2ndly, a rubber or cushion by 
which the excitation is effected ; 3rdly, an insulated conductor 
for collecting the excited electricity. Thus the glass tube, 
fig. 2, page 6, with its wire and ball excited by silk held in the 
hand, is in fact an electrical machine, — the tube being the 
electric, the hand and silk the rubber, and the attached metallic 
wire and ball the insulated conductor for collecting the excited 
electricity. If the tube be about 1 j- inch in diameter and 
about 2 feet in length, and be rubbed with the rough side of 
black oiled silk, smeared over with an amalgam of tin, zinc, 
and mercury (29), the excitation is by no means incon- 
siderable ; strong electrical sparks will be thrown off from the 
conducting wire and ball, and other powerful effects will be 
obtained. In the early periods of this branch of science, glass 
tubes, brimstone, amber, and other electrics, subjected to 
friction by means of the hand, were commonly resorted to as 
an easy means of generating electricity by friction; but as 
further advances were made, and the great importance of the 
subject became apparent, a more complete and powerful kind 
of apparatus was naturally sought for. The first attempts of 
this kind consisted in the revolution of globes of glass, aided 
by some kind of mechanism. These were made to turn round 
against fixed cushions, the generated electricity being collected 
upon insulated conductors. We are indebted to a philosophical 
Burgomaster of Magdeburg, the ingenious Otto Guericke, for 

c 5 
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the fint idea of a machine of this kind. Having moonted a 
globe of brimstone on an axis, he caused it to revolve against 
the hand, and thereby obtained a rapid and poneriul excita- 
tion. 

A great variety of electrics have been treated in this way, 
giving rise to machinea of different forms and construction, 
some of them of a very complicated and unwieldy kind. All 
these, however, have become finally resolved into one or two 
forma of apparatus now in ose, in which the electric to be 
excited is either a hollow cylinder or a circnlar plate of glass. 
We shall, for the sake of perspicuity, confine ourselves to a 
description of a few of the most perfect of this class. 

44. The annexed fig. 28 represents a cylindrical electrical 




machine of an improved kind, in which a a is a hollow g^s 
cylinder, having wide open ends fitted with caps of wood. 
These caps have projecting pivots, whidi serve as the ex- 
tremities of a horizontal axia, and tnia in pivot>holes drilled in 
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spherical pieces of wood or metal> a a^ cemented on vertical 
glass pillars, ab, ac« the whole being fixed on a -firm wood 
base, c B. A flat cushion, or rubber of coarse oiled silk t, 
stuffed with wool or hair, and backed by a wooden cylinder », 
covered with tin-foil, is fixed at a 5 on a vertical glass pillar 
s n, attached by a sliding piece s to the base c b, by which it 
is caused to bear with greater or less force against the glass 
cylinder. There is a screw at s for confining the slide in any 
given position. The rubber a 6 is supported loosely against 
the wood cylinder by two brass pins, and is furnished with 
a long flap of thin silk F, oiled on one side only, sewed to its 
outer edge : this rests upon and passes over the upper surface 
of the cylinder, the rough side being next the glass. Imme- 
diately opposite the termination of this silk flap there is a 
small cross arm of brass p, carrying three or four short points 
for catching up the vitreous or positive electricity from the 
glass as it emerges from beneath the silk flap, and transmitting 
it to the insulated cylindrical conductor p. A similar cross 
arm transmits the negative or resinous electricity of the rubber 
to the insulated conductor n : the cylinder is set in motion by 
a winch w, having an insulating handle of glass, and fixed to 
one of the projecting pivots. Each cap of wood consists, 
together with the pivot, of a single piece, and is fitted securely 
in the projecting glass necks by attached pieces of fine cork, 
so as to admit of the cap being occasionally removed, and the 
interior of the cylinder rendered very dry and clean. For a 
perfect development of the power of such a machine, it is 
requisite to free the glass from all dirt and moisture, both on 
its inner and outer surface. The cushion or rubber should be 
covered with the amalgam of tin, zinc, and mercury, already 
y described (29), which may be spread on it by the aid of a 
little lard, and the surroundiug air should be rendered as dry 
as possible. 

45. When under these favourable circumstances we put the 
cylinder in motion, the conductors p and n being removed, 
brilliant scintillations and lines of hght will dart round the 
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under surface of the cylinder, between the termination of the 
silk flap and the rubber ; brushes of light and luminous co- 
ruscations will frequently appear to fly off into the air from 
under the flap, presenting in the dark an extremely beautiful 
appearance. If a pointed metallic rod be held in the air in 
front of the silk flap, a bright star of light will appear to settle 
on it, even at a considerable distance from the glass. When 
the conductors are placed as shown in the figures, and the 
knuckle of each hand presented, one tp the conductor p, and 
the other to the conductor n, a current of bright and powerful 
sparks will pass between the knuckles and each of the con- 
ductors ; and if we observe at this time the points on the 
cross arms, those on the positive conductor p will appear s» 
simple luminous points or stars, whilst those on the conductor 
N will be divergent, and present to the eye the appearance of 
a luminous brush. If we suspend a chain of small metalHc 
beads, strung together on a silk thread, between two metallic 
rods fixed on the conductors p, n, it will appear as a sort of 
brilliant necklace of luminous beads, the effect of which is 
frequently dazzling to the eye. 

When we require to collect vitreous or positive electricity, 
we present the substance to be charged or electrified, to the 
positive conductor f, and connect the negative conductor n, or 
otherwise the cushion itself, with the earth, by which means 
electricity becomes continually supphed to the revolving glass 
cylinder. When we require negative or resinous electricity, we 
reverse this arrangement. The body to be charged is pre- 
sented to the negative conductor n, and the positive conductor 
p connected with the earth, so as to relieve the surface of the 
glass cylinder of the electricity thrown on it, and enable it to 
develop a continual excitation in the rubber, and consequently 
a constant supply of negative electricity to the conductor n. 

46. It has been usual in constructing these machines to 
form the end of the glass cylinders into narrow necks, and 
close them up ; but it is far preferable to have them wide and 
capacious, so as to admit of drying and wiping out the in- 
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terioT. The condensation of moisture on the interior of the 
surface is fatal to the action of the machine, from the con- 
duction it affords to the return of the induced electricity over 
the interior of the glass to the cushion. In fact, if the con^ 
ductors F and n he joined hy a curved wire, all the phenomena 
"we have just described will vanish. It was probably from this 
circumstance that some of the early Electricians found their 
glass globes and cylinders improved in power by coating the 
interior with some resinous composition, by which the non^ 
conduction of the vitreous surface was rendered more perfect, 
and moisture less liable to condense on it. Electrical machines 
of this construction are n^de vnth glass cylinders varying 
from 4 inches to a foot or even to 20 inches in diameter, and 
from 6 to 18 inches in length. 

47. The Plate -glass Electrical Machifie, — About the year 
1776, Van Marum was led to employ a circular disc of shell 
lac as a convenient form of electric for excitation. This was 
soon followed by a disc of plate glass. Ingenhouz, Van 
Marum, Bamsden, and Cuthbertson, appear to have been the 
originators of electrical machines of this kind. The machine, 
as constructed by Cuthbertson, about the year 1783, consists 
of a circular disc of plate glass, from 2 to 7 feet in diameter, 
mounted on a horizontal axis of metal, and sustained by 
a vertical frame of mahogany, to which are fixed two pairs 
of cushions or rubbers, one pair above, the other below. This 
plate is turned round between the rubbers by a winch fixed at 
the extremity of the axis. The electricity is confined by flaps 
of oiled silk, extending from each pair of cushions round one- 
fourth nearly of the circumference of the plate, and is then 
collected by two rows of points opposite its horizontal diameter, 
and communicating with an insulated metallic conductor. 

In this arrangement we have only the vitreous or positive 
electricity of the plate. To obtain the resinous or negative 
electricity of the cushions, it is requisite to connect them by a 
slip of metal let into the frame- work, and to place the whole 
machine on pillars of glass. In this case the conductor. 
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which was before insulated^ must communicate with the 
ground. 

This machine is prepared for excitation as aLreadj described 
(44). Its action is very intense, and the same phenomena as 
observed with the glass cjUnder are observable on turning the 
plate^ — the effects being doubled by the addition of another 
set of cushions^ although it has been doubted whether the 
friction on both sides of the plate is attended bj any greater 
effect than a well-apphed friction on one side only. This 
form of electrical machine^ however, is undoubtedly extremely 
powerM> and well adapted to extensive researches in elec- 
tricity; but for ordinary philosophical purposes, the cylin- 
drical machine, from the simphcity of its construction and 
use, is probably more convenient. 

48. Van Marum, about the year 1785, constructed, with the 
aid of Mr. Cuthbertson, an electrical machine on this prin- 
ciple, of enormous power, and which was afterwards placed in 
Teyier's Museum at Haarlem. It consisted of two circular 
plates of French glass, each 65 inches in diameter, fbsed upon 
the same axis, and excited by four pairs of cushions, each 
cushion nearly 16 inches in length. The conductor was 
supported on three pillars of glass, sending out collecting 
branches between the plates. Two men, and sometimes four^ 
were employed to turn the plates. When in full force, a 
single spark from the conductor was found to melt a leaf 
of gold; a thread became attracted at a distance of 38 feet; 
and a pointed wire exhibited the appearance of a luminous star 
at a distance of 28 feet from the conductor. Persons within 
10 feet of the plates experienced a sort of creeping sensation 
over them, as if surrounded by a spider's web. 

49. The collection of negative electricity from machines 
under this kind of arrangement being attended with incon- 
venience, several attempts have been made to vary it. Van 
Marum was hence led to place a single plate at the extremity 
of a strong horizontal axis ; and having insulated the cushion 
or glass pillars on each side of its horizontal axis, collected 
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either positive or n^;stiTe electricitf by a double-brttnclied 
wire in connectioii with the conductor, which could be turned 
either upon the rubber or the glus, — whilst another wire 
behind the plate could be placed in a umilar way, so as either 
to supply the mbber, or discharge the electricity excited in the 
glass. 

In other arrangements a single pair of cushioas only is 
employed, with a large conductor immediately opposite. The 
great plate used at the Royal Polytechnic Institution in Re- 
gent Street, London, is mounted in this way. It is 7 feet in 
diameter, is turned by a small steam engine, and is extremely 
powerful. 

50. The following ami^ement, ^. 29, will be found 

Rg.29. 
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effectiye, and calculated to meet every difficulty in the use 
of the glass plate for positive and negative electricity. In 
this construction the plate is mounted on a metallic axis^ 
supported between two transverse bars of mahogany, on 
four vertical mahogany pillars, c d ef, as represented in the 
figure. These pillars are inserted into a strong rectangular 
frame, two before and two behind the plate, forming a firm 
and secure basis. The rubbers a a and b6 are placed on 
each side, and insulated on stout pillars of glass, a^ and 
B A, also fixed to the hollow rectangular frame. A metallic 
conductor p, with two branches, is sustained in a vertical 
position in front of the frame, on a strong support of glass, 
whilst a curvilinear brass tube, Ann, passing behind the 
plate, connects the cushions, and forms the negative con- 
ductor. 

The plate is turned round by an insulating winch w, con- 
structed of a strong cylindrical bar of glass, and the whole is 
supported by four legs on a second rectangular frame, having 
three levelling screws, s s s, fixed in it, so as to render the 
axis level and the machine secure on the ground. This 
machine is employed in the same way as that already de- 
scribed (44). With a plate of about 2 or 3 feet in diameter, 
very extraordinary power is obtained. 

In all machines of this construction it is requisite to attach 
cords of silk to the flap:^ and pass them round fixed supports, 
in order to prevent the flaps from being dragged over the 
plate in turning it round. 

51. It may be as well to state here that the power of 
electrical machines will greatly depend on the kind of glass 
of which the plate consists. If plate glass be employed, 
it should be of a flinty kind, of very perfect manufacture, and 
be very highly polished. A common vitrified surface, from its 
very perfect polish, is perhaps more powerful than polished 
plate ; hence plates of common window glass, joined by an 
intervening cement of black sealing-wax, are well adapted to 
the purposes of electrical excitation. A plate machine con- 
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stracted in this way, with a plate of ahout 2 feet in diameter, 
had most remarkable power. 

52. Hydro-electric Machine, — ^This species of electrical ma- 
chine is of very recent date and construction, and is the result 
of an accidental discovery in 1840, by an observing workman 
in charge of a fixed steam engine at Sighill, near Newcastle. 
Owing to a leak in the cement about the safety-valve, there 
arose a considerable escape of steam. The engine-man, being 
about to adjust the weight of the valve, was surprised by the 
emission of a powerful spark of electricity, which he found 
always to arise from the metal-work connected with the boiler, 
and from the boiler also, if he attempted to touch it during 
the escape of steam, especially when one of his hands was 
immersed in the vapour. Mr. Armstrong, a scientific gentle- 
man at Newcastle, having been informed of this result, lost no 
time in investigating the phenomenon. By an insulated brass 
rod, having a metallic plate at one extremity and a ball at the 
other, he obtained 60 or 70 sparks per minute on bringing the 
ball near the boiler, whilst the plate was immersed in the 
issuing vapour, and after a series of highly interesting in- 
quiries, he succeeded in producing a vaporizing electrical ma- 
chine, depending on the excitation of particles of water driven 
by steam through small orifices. This machine consists of a 
steam boiler a, fig. 30, insulated on stout pillars of glass. The 
steam is caused to issue from a general steam pipe through 
bent iron tubes a he, terminating in jets of wood, and of 
which there are a great number : an insulated projecting con- 
ductor N is placed in connection with the boiler, for the con- 
venience of collecting the excited electricity; and a second 
conQuctor p, formed of a metallic case, furnished with several 
rows of points, is placed immediately in front of the jets, to 
receive and carry off the opposite electricity of the steam, and 
prevent its return upon the boiler, by which the excited forces 
would be neutralized. Faraday, who also investigated this 
question with his accustomed tact and penetration, has shown, 
by a series of masterly experiments, that the electricity thus 
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produced does not depeod on the mere issue of ateam tbrougli 
small orifices, or upon any chemical or other change which 




may be supposed to arise from evaporation or condensation, 
but is the result of the fricdou of condensed particles of water 
whilst being driven by the still issuing steam through the jets; 
so that in fact these watery particles perform the office of titc 
glass plate of the common machioe, and g;ive out vitreous elec- 
tricnty : the wood jets and pipes act as the rubber, and give 
out resmous electricity, whilst the friction of the steam- in 
passing is the source of the electricity. 

The electricity produced by this apparatus is enormous in 
quantity. The sparks from the conductor n, upon an unin- 
sulated metallic hall, are dense and rapid, presenting frequently 
the appearance of a continuous flame, and will readily set fire 
to inflammable matter. 
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THE BLECTROPHOAUS. 

53. The eleetrophants, or perpetual electrical machine, is 
another most valuable instrument, for which we are indebted 
to the ingenuity of Professor Volta. 

The arrangement consists of a circular or other electrical 
plate A A, fig. 31, usually of shell lac. This plate is placed on 
a conducting disc b, of about 



Fig. 31. 




the same size, and termed the 
sole; a second circular con- 
ducting disc D, termed the 
cover, and furnished with an 
insulated handle d J, is placed 
upon the upper surface of the 
electrical plate. When this in- 
strument is employed for the 
production of electricity, we 
first remove the cover d by its insulating handle, and then 
excite the electrical plate a a by flapping it briskly with dry 
silk or with some dry fur-skin ; we then replace the cover d as 
before : the cover, being insulated, does not take up the elec- 
tricity of the plate, but is acted upon inductively (21), that is 
to say, its neutral condition is changed, and the parts distant 
from the under surface placed in the same electrical state as 
the surface of the excited plate : hence these parts are in a 
condition to charge any substance brought near them. We 
find, accordingly, that on bringing a conductor near the cover, 
an electrical spark is ehcited, which tends to neutralize the 
induced state of its parts distant from the surface in approxi- 
mation with the electrical plate beneath; and if such conductor 
be insulated, it will become charged with the same electricity ; 
that is to say, if the electrical plate be negatively excited, the 
distant parts of the cover d will be negative by induction (21), 
and any conductor brought near it will yield up positive elec- 
tricity, and remain also negatively electrified. If we now 
remove the cover d by its insulating handle, we immediately 
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restore its original capacity, whilst the positive electricity it 
had acquired under induction remains. Hence it is now 
charged with positive or vitreous electricity, and will electrify 
any insulated conductor positively when brought near it. 

It is quite evident that in this machine the excited electric 
loses nothing of its electricity by all this, the excitation 
being merely subservient to induction. Hence, after restoring 
the neutrality of the cover by relieving it of its charge, we may 
again repeat the operation, and carry off in this way successive 
charges without any new excitation of the electric plate : it is 
hence a sort of permanently excited electrical machine. 

The electrical plate of this instrument, as constructed by 
Volta, consisted of shell lac, common resin, and Venice tur- 
pentine, in equal parts. The sole may consist of a circular 
plate of wood, covered with tin-foil. The cover, or superior 
conductor d, may be also a light disc of wood, covered with 
some stout metallic leaf. Small plates of glass, sealing-wax, 
or brimstone, are admirably adapted to experimental purposes, 
when mounted as electrophorus plates, with the attendant con- 
ductors. The machine itself has been termed electrophorus, 
from the circumstance of its prime conductor, the cover, bearing 
offK&it were by repeated removal definite quantities of elec- 
tricity which it had absorbed under the influence of the excited 
electrical plate. 

ELECTRICAL MACHINES WHICH DO NOT DEPEND ON 

FRICTION. 

54. Although electrical excitation / by friction has been 
generally employed in the construction of ordinary electrical 
machines, yet other sources of electricity are open to us. 
Thus the dry electrical pile, fig. 15, and the voltaic series, 
fig. 16, may each be considered as electrical machines, although 
of very limited power for common electrical purposes. The 
electrical disturbance also induced in a coil of wire by magnet- 
ism, fig. 1 7, may be employed as a source of electricity, and 
has given rise to the magneto-electrical apparatus already 
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alluded to (28). Such iustruments, although admirably 

adapted to some peculiar experimental researches, are quite 

iinaTailable in the accumulation of great statical electrical 
power. 

THEORETICAL VIEWS OF THE ACTION OF ELECTRICAL 

MACHINES. 

55. The production of electricity by the ordinary electrical 
machine is explicable upon either the double or single fluid 
hypothesis (32) (33). According to the first of these (32), 
we disunite by Mction the combined electricities existing in 
the rubber and glass, and change, according to the improved 
theory (37)^ the relative attractive power of these substances 
for the separated elements, so that the positive force becomes 
collected on the glass and the negative force on the rubber; 
but since there is only a certain quantity of electricity in the 
glass and rubber, the action must cease after a few revolutions 
of the glass, unless more electricity be furnished for decompo- 
sition ; and such is found to be the case : very little effect is 
produced so long as the positive and negative conductors p n, 
fig. 28, remain insulated. Directly, however, we connect one 
of these conductors with the ground, the other will be in a 
position to charge any insulated substance presented to it up 
to a point of saturation ; for the neutral state of the one con- 
ductor becomes restored at the expense of the opposite elec-- 
tricity drawn from the mass of the earth, and that of the other 
at the expense of the opposite electricity of the insulated body: 
hence both the mass of the earth and the insulated body may 
be considered as being electrified by this operation — the one 
positively, the other negatively, according to the particular 
conductor, p or n, with which they are associated. But the 
electricity of the earth being indefinitely great, the result is 
only sensible on the lesser insulated body, and the action is 
hmited to the quantity of positive or negative electricity which 
it can furnish. 

If, instead of connecting one of the conductors with the 
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earthy we associate it with another insulated body, then the 
effect is sensible in either case, and the action is limited to the 
quantity of positive or negative electricity which the insulated 
substances can yield up : such is, in fact, the condition of the 
positive and negative conductors p n, which yield up negative 
and positive electricity to the glass and rubber, directly the 
machine is put in motion, and by which the one, p, becomes 
charged positively, and the other, n, negatively. If both these 
conductors therefore be connected with the ground, the result 
is a continual separation and re-composition of the two forces, 
and hence a neutral state of the conductors p n. Upon this 
theory, therefore, the action of the electrical machine consists in 
a separation and abstraction of one of the electrical elements^ 
leaving the other in excess. 

56. The electrical machine, according to the hypothesis of 
a single elementary fluid, is only a means of changing the 
quantity of electricity in bodies. By the revolution of the 
glass against the rubber we continually renew and break the 
contact between these substances, the consequence of which is 
an accumulation of electricity on the glass, and an abstraction 
from the rubber (18). Hence the insulated conductors p and v, 
fig. 28, become charged, one positively or plus, the other nega- 
tively or minus. On this, however, as on the former hypothesis, 
the action would soon cease if one or both of the eonductors 
remained insulated, since the rubber has only a limited quantity 
of electricity to yield up, and the glass therefore only a certain 
quantity to gain : reciprocally, the glass cannot take up more 
than a. given quantity of electricity, consequently the rubber 
can only lose a limited quantity. Hence the excitation is con- 
fined within these limits. Now imagine two insulated con- 
ductors brought near the conductors p n ; one near the posi- 
tive conductor p, the other near the negative ccmductor n. 
The result would be an abstraction of electricity from the. body 
opposed to the negative conductor, which would go to restore 
the equilibrium in the rubber, and an addition of electricity to 
the body near the positive conductor, which would relieve or 
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neutralize the electricity of the glass ; and thus the action of 
the machine would he to charge or electrify hoth these bodies 
at the expense of each other, the one positively, the other 
negatively. We have still, however, reached a limit depending 
on the amount of electricity which the respective bodies can yield 
up or receive. Such is in fact the condition of the conductors 
p N, one of which, p, receives the excited electricity on the 
glass, whilst the other, n, yields up electricity to the rubber. 
When, therefore, we connect one of these conductors with the 
earth, the action may become indefinitely great upon any 
insulated body applied to the other, and required to be elec- 
trified, however great its extent, the means o£. supply of 
electricity being without assignable limit. When both the 
conductors p n are connected with the mass of the earth, 
the result is a constant disturbance and renewal of electrical 
neutrality, — the rubber being suppHed with electricity as fast 
as it yields it up to the glass, and the glass yielding it up again 
to the earth as quickly as it abstracts it from the rubber. 
Upon this hypothesis, therefore, the operation of the electrical 
machine is that of a pump, — to withdraw electricity from 
some bodies and throw it upon others. 

57. These two theories apply in neariy the same way to 
the action of the electrophorus. The cover d, fig. 31, whilst 
on the excited plate, acts upon bodies in the same way as the 
negative conductor k, of the electrical machine, fig. 28, sup- 
posing the plate to be a resinous electric ; after removal, it 
acts as the positive conductor p; that is to say, on the 
hypothesis of two electric fluids, it first attracts vitr«ous 
electricity from any body applied to it, in consequence of its 
distant parts having become negative by induction (21), and 
hence will leave such body charged with resinous electricity. 
On removal it attracts resinous electricity from any body 
presented to it, in consequence of the charge of vitreous 
electricity it had previously taken up, and so electrifies such 
body, if insulated, positively. On the single fluid hypothesis 
(35), the cover first attracts and then gives out electricity ; 
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that is to say, it first abstracts electricity from some bodies, 
and then communicates it to others. 

The induced action upon which this state of the cover 
depends, is, upon the hypothesis of two fluids (32, 37), 
derived from the excited electricity of the electrical plate. 
Supposing the electrical plate to be a resinous plate, the 
vitreous electricity of the cover is attracted towards it, leaving 
the resinous electricity repelled to its distant surface. On the 
single fluid hypothesis (33), (36), the electrical plate being 
deficient of electricity, or minus, the electricity of the cover is 
drawn towards it so as to equalize the distribution as nearly as 
possible, hence leaving its distant surface negative or minus. 

If the electrical plate be excited with vitreous electricity, 
then the converse of all this happens, but the theoretical views 
remain the same. 

58. Similar applications of these theories may be made to 
the electrical pile, and to the coil of the magneto-electric ma- 
chine (28). We have, upon the one theory, a separation of the 
combined electricities, and upon the other an unequal distri- 
bution. In the electrical column and voltaic series (28), the 
opposition of the two metals changes their relative capacities 
for one of the electrical elements, or for electricity considered 
as a single elementary fluid, so that either pqsitive or negative 
electricity exists in excess, or flows upon one of the metals. 
By the intervening semi-conducting fluid or other substance 
this excess is carried on to the next pair of metals, and so 
throughout the whole series up to the terminating plates, 
which become finally charged with different electricities, ana- 
logous to the positive and negative conductors of the electrical 
machine. We have, however, in such arrangements a sort of 
electromotion, together with a development of electricity by 
chemical action when the plates are excited by saline and other 
fluids. 

In the coil of the magneto-electric machine a somewhat 
similar electric motion is produced by the influence of the 
magnet ; and each end of the coil, at the instant of making 
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or breaking contact with the magnet, is in opposite electrical 
states. 

THE ELECTRICAL JAR, OR LEYDEN PHIAL. 

59. The years 1745 and 1746 are remarkable for a scien- 
tific discovery of a very marvellous character. Some Dutch 
philosophers at Ley den finding electricity rapidly disappear 
from a simple insulated conductor, imagined that if it could be 
completely enclosed in soHd electric matter, a charge might be 
retained on the conductor for any length of time. This idea, 
early in the year 1746, they endeavoured to realize. Water 
being a convenient conductor, they enclosed it in a small glass 
phial, and having inserted a nail through the cork, suspended 
it from the prime conductor of the electrical machine so as to 
convey electricity into the water through the nail. One of the 
experimenters, Mr. Cunseus, whilst continuing this inquiry, in 
endeavouring to detach the phial and nail from the electrical 
machine, received so violent a shock across his arms and 
breast that it shook his whole frame. 

A similar result appears to have been obtained about the 
year 1 745, by Yon Kleist, dean of a cathedral in Germany, 
whilst engaged in an interesting course of experiments on the 
communication of electricity to glass, an account of which is 
found in the register of an Academy at Berlin. Having passed 
a stout brass pin or wire into a common phial containing a 
small quantity of mercury, electricity was thrown, by means 
of the electrical machine, upon the interior of the phial, 
through the pin. His account of the results which ensued is 
both instructive and amusing. ''As soon," says he, ''as this 
Uttle glass with the pin is removed from the electrical machine, 
a fiaming pencil issues from it fbT so long a time, that 1 have 
been able to walk 60 paces in the room with this little burning 
machine; and if the finger or a piece of money be held against 
the electrified pin, the stroke coming out is so strong that 
both arms and shoulders are shaken thereby. Thin-necked 
glasses have been twice broken by the powerful shock." 

D 
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M uschenbroeky wlio subsequentlj repeated these experiment9 
at Lejden^ with water in a thin glass bowl, says, he was so 
struck in his arms, shoulders^ and breast, that he lost his 
breathy and was two days in recovering from the effects of the 
blow. 

The discovery of such a terrible power in nature soon 
spread through Europe, and gave immense impulse and icht 
to electrical investigations. Sir W. Watson, Smeaton, Bevis, 
Wilson, and Canton, all distinguished members of the Royal 
Society of London, repeated and extended these experiments ; 
indeed, it is to them that we owe the final completion of 
the Leyden phial, under the present form of the electrical 
jar, and its consequent practical application to researches in 
Electricity. Sir W. Watson showed that the power of the 
phial did not depend on the density or quantity of conducting 
matter either within or without the glass, but ihat, aeteris 
paribus, it was as the extent of contact between conductors 
and the surface of the glass ; on which principle he placed the 
phial in a small open cylinder of sheet lead. Smeaton now 
transformed this experiment into the covering of plates of 
glass with thin metal, leaving on each side an uncovered part, 
and he found that if, after having communicated^ electricity to 
one of the surfaces of the plate, he touched both surfaces with 
his hands at the same time, all the effects of the Leyden or 
German experiment were obtained. Sir W. Watson, further 
enlightened by this result, now apptied. coverings or coatings 
of metallic leaf to the interior and exterior surfaces of glass 
jars, leaving a portion of the glass under the mouth of the jar 
free, — an arrangement both effective and convenient, and in 
use at this day. 

Thus the Leyden phial resolved itself into the electrical 
jar, and became a most important instrument of physical 
research. 

60. The most perfect kind of electrical jar is shown in the 
annexed figure 32, in which the faintly shadowed portion a 
marks the position of the exterior and interior coatings, 
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osnally tin leaf pasted against the glass : pig, 32. 

b U the uncoated or insulating portion of 

the jar ; db h light metallic rod or tube, 

termioating in a knob or metallic ball d, 

and passing to the bottom of the jar, 

Trhere it is supported in a socket of 

wood, fixed to the coating expanded 

upon the glass. This is the chaiging 

rod, loid care is taken to insure a good 

contact with the metal on the bottom of 

the jar. 

When the jar is to be charged, the 
chai^jing rod dba connected with one 
of the conductors of the electrical ma- 
chine, and the esterior coating a with the ground, taking care 
to operate with tJie machine in the way already explained (45). 
The pn^esB of the charging may be observed by means of a 
light reed terminating in a small hall of pith, loosely attainted 
to the charging rod by a very short piece of fine silk or cotton 
thread : this will constitute, with the rod, an electroscope of 
divergence (41), so that as the charge proceeds the reed will 
become raised, more or less, into the air, as represented in the 
figure. If the knob of the jar be placed within about half an 
inch of the conductor of the machine, a anccesnon of sparks 
will be obserred to pass into the jar : these will become gradu- 
ally weaker when the jar is iiilly charged. 

61. The charge being thus accumulated, the jar is agun 
dischaiged by completing a (inducting communication between 
the exterior coating a and the charging rod d b : the extent of 
snch communication, which is termed an eleetrieal eirevit, 
may be almost indefinite. If the discharge be effected 
through a short circuit of bent metallic wire, terminating in 
metallic balls, an intensely brilliant explosion ensues, the light 
of which is almost insulTerable ; and there is heard at the 
same time a sharp crashing report. If a portion of the living 
animal firame be included in the circuit, then a poweriul shock 
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ensues^ the intensity of which depends on the amount of the 
charge. 

Sir W. Watson, assisted by other members of the Boyal 
Society, completed electrical circuits of several miles in extent. 
In August, 1747, they caused an electrical jar to discharge 
through a circuit of 4 miles, and found the effect to be 
instantaneous. The Abb^ NoUet passed the charge through 
the whole community of a convent, forming a line of nearly 
6000 feet. The shock was simultaneous. 

In order to avoid the chance of receiving the shock at the 
time of discharging an electrical jar, two bent wires are em* 
ployed, terminating in brass balls, and connected by an inter- 
mediate joint, so as to open or shut to any convenient distance, 
like a pair of compasses. These wires are mounted at the 
joint upon a glass rod or handle, as Fig. 33. 

shown in fig. 33, and constitute what ^^^^ _ 

is termed a discharging rod. The ^v^g^"^ o 

balls are either extended directly 
between the exterior coating a and 
the knob of the jar, or one of them is 
connected with the termination of any extent or kind of circuit 
proceeding from the exterior coating ; and the other applied, as 
before, to complete the discharge. 

62. It is of no consequence which coating of the jar we first 
expose to the process of charging. If, for example, we turn 
over the jar, fig. 32, on its charging rod db, and expose the 
outer coating a to the conductor of the machine, it is of no 
consequence whatever to the progress of the charge. When, 
however, we charge a jar in this way and wish to revert it so 
as to place the jar again upright on its base, we must take 
care to employ an insulated stand or table ; for, as is evident, 
in reverting a charged jar upon a conducting base we complete 
the circuit through ourselves, and hence discharge the accu- 
mulation as before. 

In whichever of these two ways we may find it convenient 
lo complete the charge, we shaU always have a surplus spark 
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npon the coating exposed to the charging conductor, and which 
may be made to appear by placing the jar upon an insulator, 
and presenting the knuckle to the coating through which the 
charge has accumulated. 

63. When a charge is communicated from the prime con- 
ductor, the jar is said to be charged positively, or with vitreous 
electricity. If from the negative conductor, it is said to be 
charged negatively, or with resinous electricity. In either case 
it is equally powerful as a means of accumulating and dis- 
charging electricity, in a dense and concentrated form, upon 
or through any given substance : some idea may be formed 
of it in observing, that whilst a jar of only moderate size is 
charging at about half an inch distance from the conductor, 
several hundred electrical sparks will pass from the machine, 
and that at the instant of the discharge all these sparks are 
condensed into one. 

64. Theoretical views of the electric ^ar.— It is quite ap- 
parent that the principles and arrangement of the condenser 
just described (42), fig. 21, are in no sense difiPerent from those 
of the Leyden jar. The arrangement is, in fact, virtually the 
same as that practised by Smeaton (59), except that we have 
given metallic coatings a and b, fig. 21, to a plate of air, instead 
of coating a solid plate of glass. In either case the arrangement 
is nothing more than the close approximation of an uninsulated 
to an insulated conductor ; the success of the experiment does 
not therefore depend on the form of the glass, but rather upon 
its thickness. In applying metallic coatings to opposite sides 
of a plate of glass, as represented in the annexed figure 34, and 
connecting one of the 

sides with the ground by ^S- 34. 

placing it on a metallic 
support s, Smeaton really 
fulfilled the essential con- 
ditions of electrical accu- 
mulation. In this case 
the upper coating a is the 
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insulated conductor, corresponding with the disc a, fig. 27, the 
inferior coating resting on the metallic stand s, is the unin- 
sulated approximated conductor corresponding with the disc b, 
whilst the intermediate glass is in the same relative position as 
the particles of air between the plates ; that is to saj, it is the 
non-conducting or electric medium. 

A square of glass thus prepared has been termed a coated 
pane, and by the French Electricians, a * fnlminating square/ 
It is charged and discharged in the same way as the coated 
jar, by first throwing electricity on the insulated coating a, and 
then joining the opposite sides with the discharging rod, fig. 33. 

65. The Franklinian theory of electricity (33), in its appli- 
cation to the phenomena of the Leyden jar, may be considered 
as pecuHarly happy and illustratiye : according to this theory, 
electrics are supposed to be impenetrable to electricity or 
nearly so ; whilst the quantity they contain can neither be ab- 
solutely increased nor diminished. When therefore we attempt 
to force upon any given electric a quantity of electricity greater 
than that which the body already contains, we actually dis- 
place such portion of its natural electricity as is requisite to 
make room for this new quantity. The Leyden experiment, 
therefore, according to this hypothesis, consists in the addition 
of electricity to one surface of the glass, and the abstraction of 
an equal quantity from the other surface. 

Franklin, by a well-conceiyed and extremely beautiful series 
of experiments, showed, that if either side of a coated jar be 
electrified positively, the other side is electrified negatively, so 
that there is really no more electricity in the jar than before. 
To realize this idea more completely, let us imagine that an 
electrical jar originally possessed 100 units of electricity, 50 of 
which occupy strata beneath one of its surfaces, and 50, similar 
strata beneath the other. Then, when by the operation of the 
electrical machine we cause the whole or a part of the 50 units 
to leave either side and appear en the other, the jar is said to 
be charged to a greater or less extent. If we collect the total 
or 100 units on one side, it is said to be charged to saturation. 
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Now the discharge consists in a transfer of the redundant units 
to the minus surface from whence they were taken, by which 
the equilihrium of distribution is again restored. 

66. The following experiments, resorted to by Franklin in 
conBrniation of this doctrine, are singularly interesting and 
instructive. 

Exp. 28. Place an electrical jar, fig. 35, on 
an insulating support e ; let the ball p of the 
charging rod be within about half an neb of the 
prime conductor p of the electrical machine. 
Bring another insulated metallic ball n, con- 
nectcd with the negative conductor, within the 
same distance of a similar ball n, projecting from 
beneath the outer coaling. Put the machine 
slowly in motion, and for every spark which 
passes between the prime conductor f and the 
chaining ball p, a similar spark will pass, at 
the same instant, between the outer coating n 
and the negative conductor n. 

Exp. 29. When the jar has become in this 
way moderately charged, remore it and its insulating support 
B from the balls p and n of the positive and negative con* 
ductors, and having insulated a light metallic ball of about 
2 inches in diameter on a glass rod, bring it near the ball of 
the chai^jing rod p ; a powerful spark will follow it, and charge 
the ball positively. Whilst thus charged, bring the ball near 
the ball n connected with the outer coating ; the same spark 
will leave it again, as may be proved by the charged ball having 
again become neutral : bence precisely the same quantity of 
electricity taken up from the interior coating has been added 
to the exterior. In this way, by successive repetitions of the 
experiment, we may gradually discharge the jar ; that is to 
say, we may take away by small and measured quantities all 
the electricity communicated to the inner coating, and throw 
it on the onter. Now if we examine, by means of an elec- 
troscope (17), (41), the inner and outer coatings of this js' 
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especially after each alternate contact with the insulated 
metallic sphere, thej will he found in opposite electrical states ; 
that is to say, if the jar he charged from the prime conductor 
positively, then the outer coating will always evince negative 
electricity. 

Exp. 30. Insulate two or three equal and precisely similar 
jars, abcy fig. 36, and arrange them so that the charging ball 
of the second, b , may ^ig, 3S. 

he within half an P^saF it 

inch of the outer ^* 

coating of the first, 
a, and the charging 
ball of the third, c, 
within a similar dis- 
tance of the outer 
coating of the se- 
cond, b. Let the 
outer coating of this 
third jar, c, be elec- 
trically placed, through the intervention of a conducting rod 
and ball ra, within the same distance of an insulated ball n 
connected with the negative conductor, as the charging ball p 
is of the positive conductor p, Put the machine in motion^ 
and directly a spark passes upon the inner coating of the first 
jar a, a similar spark will appear to leave the outer coating to 
charge the second jar b : this will again cause a spark to pass 
from its outer coating upon the charging ball of the third jar 
c, which will throw off the electricity of its outer coating upon 
the negative conductor n, to supply the rubber (45), and is 
the compensating quantity to the electricity abstracted from it 
by the glass to be thrown upon the interior of the first jar a ; 
so that every jar will be equally and similarly charged, or 
nearly so, at precisely the same instant, and, by the propa- 
gation as it were of electrical impulse, through the series of 
jars. Now as the second jar b has become charged from the 
outer coating of the first, a, and the third jar c from the outer 
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coating of the second, b, it m^y be inferred that for every unit 
of electricity, added to the inner coatings, a similar unit has 
left the outer, which is what Franklin wished to show. This 
experiment, although satisfactory when only two or three jars 
are employed, is greatly embarrassed by extension upon a long 
series ; the accumulated resistance of each jar being at length 
so considerable as to vitiate the result. When the resistance 
becomes at all equal to the charging power, the last jars of the 
series do not become charged in the same degree as the first, 
and the whole operation is thereby arrested. 

JBa:p. ^ 1 . Apply an outer metallic coating only to a glass 
jar ; varnish all that portion of the glass above the coating, 
both inside and out ; place the jar on an insulated stand, and 
fill it carefully with water up to the height of the exterior 
coating ; pass a metalUc charging rod into the water through 
a light disc of varnished cork fitted into the neck of the jar ; 
connect the external coating with the ground, and charge the 
jar as in Exp. 28 (6(5) : when charged, cut off the connection 
with the ground, and remove the charging rod by its insulating 
handle : finally, remove the jar ; place a precisely similar jar 
on the insulating stand, as at s, fig. 35 (66) ^ prepared with an 
exterior coating only, and then, holding the first jar by its 
outer coating, pour off the water carefully into this second jar. 
Let the charging rod and cork be then applied to the water iu 
this second jar ; little or no electricity will have passed over 
with the water, more especially if the operator stand on an 
insulated stool, as may be found by the usual electroscopes 
(17), (41): remove this jar from the insulator; replace the 
first jar and pour other water carefully into it, as before; 
replace also the metallic charging rod. The jar will be found 
still perfectly charged; all the electricity, or nearly so, will 
have remained on the glass, and the whole system may be 
discharged in the usual way (61). The student must be 
careful to preserve the insulations in this experiment, other- 
wise in pouring over the water the electricity expands over 
both the jars. 

d5 
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This was the original form of the experiment, as made hj 
Franklin, in evidence of the disturbed distribution on the glass, 
and to show that the attached coatings were merely conductors 
to the charge. At present it is usual to fit open jars with 
sets of moveable coatings of common tin plate ; but the most 
complete method is to employ a small glass sphere with along 
neck, nicely varnished, and give it coatings of dry mercury, 
which is easily managed.^ 

67' In these experiments we have supposed the jar to be 
charged positively, that is, from the positive conductor p, 
^g, 28 (44), the outer coating a, fig. 32, being connected with 
the ground : now if we charge the jar from the negative con- 
ductor N, fig. 28, and connect the positive conductor p with 
the earth (45), then, according to the Franklinian theory, that 
will be the same thing as throwing electricity upon the outer 
coating instead of the inner, as in the former case, since by the 
theory, what we take away from one side we add to the other 
(65) ; it is, in fact, the converse of Exp. 28 (66), supposing 
the jar, fig. 35, to be reverted upon the charging rod and 
charged upon the opposite coating (62). That such is really 
the case may be shown by carrying out the following experi- 
ments. 

Exp, 32. Charge the jar a, fig. 32 (60), negatively 
(63), that is, by exposing its charging rod and ball a to 
the negative conductor n, fig. 28 (44), the outer coating 
A and positive conductor p of the machine being connected 
with the earth. When charged, place the jar on an insu- 
lated stand, as in fig. 35, take off the surplus spark (62), 
and test the charge of the jar by an electroscope such as repre- 
sented fig. 7 (17) ; the outer coating will be found positive. 

Exp, 33. Charge the jar by reverting it as before described 
(62), and repeat the former examination of its electrical state, 
the same result will be obtained. 

These experiments may be further varied by charging under 
similar conditions: first, from the positive conductor p of 
1 Philosophical Transactions for 1836, p. 441. 
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the machine (44) ; secondly, from the negative conductor Nj 
the same result will be always obtained. 

According to the FrankUnian hypothesis, then, the charging 
of a jar from the negative conductor is the same thing as 
throwing positive electricity upon the outer coating (67) ; 
and this may be accomplished, either by placing the jar on an 
insulator, as in fig. 35, and connecting the charging rod j9 
with the negative conductor n, and the outer coating n with 
the positive conductor p, or otherwise, by reverting or turning 
the jar over, ^o as to rest on the charging rod, and then 
throwing electricity on the outer coating directly. 

68. It is further evident according to the Franklinian 
hypothesis, that an electrical jar always becomes charged by 
what may be considered as the transfer of its own electricity, 
as exemplified by the arrangement and the mode of charging 
in Experiment 28 (66), in which one side of the jar 'is 
exposed to the positive conductor p and the opposite side 
to the negative conductor n, no matter which, all connection 
with the earth being removed. The result therefore is 
virtually the same in the ordinary method of charging, since 
one of the coatings will be always in communication with 
the opposite conductor of the machine through the table and 
ground or other conducting support on which the jar is 
placed; the machine being arranged in the manner already 
described (45). 

The following experiment is conclusive of this fact. 

Exp, 34. Place an electrical jar on an insulated support as in 
the previous arrangement, fig. 35 (66), expose the ball p of 
the charging rod to the action of the positive conductor p of 
the machine fig. 28 (44), and let the negative conductor n be 
perfectly insulated ; set the machine in motion, and little or no 
charge will accumulate in the jar ; connect the outer coating 
n of the jar with the ground, still the jar will not be charged 
so long as the negative conductor of the machine remains 
insulated. Connect the negative conductor n with the ground, 
but disconnect the jar from the ground so as to leave tb 



84 RUDIMENTARY SLECTRICITT. . 

insulated, still the jar will not charge ; connect now the n^;a- 
tive conductor with the outer coating of the jar, either directty 
or through the circuit formed by the connection of both with 
the earth, the charge then immediately proceeds. These 
results are conclusive of the fact that a coated jar always 
charges by the transfer of its own' electricity, since no charge 
accumulates when from any circumstance both conductors of 
the machine cannot operate together on the opposite surfaces of 
the glass: the charge is therefore essentially a new distribution 
of the electricity already present in the jar, effected through 
the agency of the rubber, the glass, and the conductors of the 
electrical machine. 

69. This elementary principle of electrical action is not 
without much practical value, inasmuch as it enables us to 
divide a given accumulation into any number of equal parts. 
If, for example, we place near each other on a freely con- 
ducting base, two equal and similar jars, one charged with 
a certain quantity of electricity, the other imcharged, and 
connect the charging rods of these two jars by an insulated 
metallic rod, fig. 33 (61), one-half the electricity of the charged 
jar will pass over to the uncharged jar, so that each jar will 
contain one-half the original charge. If we place a third jar 
uncharged by the side of one of the former jars, and treat 
these as in the former case, we shall have then in each jar 
one-fourth of the original charge. If we share the charge 
between three equal jars, we may obtain one-third the original 
charge, and so on. The ball of the. charged jar is, in fact, as 
respects the uncharged jar, equivalent to the positive conductor 
of the electrical machine ; and the outer coating equivalent to 
the negative conductor, so that as much electricity tends to 
run off as the charged jar can yield up and the neutral jar 
receive, which, if the jars be precisely alike in all respects, 
will be one-half, one-third, &c. the quantity, according to the 
number of jars employed in the experiment. The electricity 
which thus tends to pass off upon the inner coating of the 
uncharged jar, causes, on the principle just stated, a similar 
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qasDtitj to leave the outer coating, which quantity pasding to 
the outer coating of the originally charged jar supplies on the 
same principle the addition requisite to the f pw of electricity 
from the rod communicating with the inner coating, — thus 
further proving that we cannot add to or abstract electricity 
from one side of an electrical jar, without at the same time 
abstracting from or adding an equal quantity to the other. 

70. Some confusion has not nn frequently arisen in all 
these experiments for want of a clear conception of the elec- 
trical conditions of the jar, and the relative position of its 
inner and outer coatings, which really in no sense virtually 
differ: all complication will immediately vanish in referring 
the experiments to a simple plate of coated glass, fig. 34 (64) : 
here, as is evident, there is no inner and outer coating, and 
it is quite immaterial which surface we electrify from the posi^ 
tive or negative conductor. We may also further remark, that 
although in charging coated glass from the positive con- 
ductor, we assume, by the Franklinian hypothesis, a com- 
munication of redundant electricity to either side whilst in 
charging it from the negative conductor, we assume, on the 
contrary, an abstraction of electricity from either side ; yet 
it is quite impossible to determine which is really the posi- 
tive and which the negative excitation, and hence it is only 
by a convenient and arbitrary assumption we refer positive 
electricity to the excited glass, and minus or negative electricity 
to the rubber (15). We might, however, a$ easily imagine the 
reverse of this, and attribute the redundant electricity to the 
rubber on the same hypothesis, for any thing we know to the 
contrary. If we merely consider these opposite states in the 
light of two absolute forces, which they virtually are, we avoid 
such arbitrary assumptions, and we have a view of electrical 
action sufficiently theoretical for a fair exposition of the pheno- 
menon, and sufficiently practical for experimental investigation. 

71. Having considered how the hypothesis of Franklin 
applies to the elucidation of the Leyden experiment, it will be 
requisite to explain, briefiy, the application of the doctrir 
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of two independent fluids (32) (37) to similar phenomena. Ac- 
cording to this doctrine, the Leyden experiment consists in a 
separation of the two electricities resident in the glass, and a 
transfer of each to its opposite surfaces. Let, for example, 
the jar he arranged as in fig. 35 (66), with its charging 
rod exposed to the prime conductor, and its outer coating to 
the negative conductor of the machine. In this case the 
vitreous or positive electricity of the outer surface heing re- 
pelled hy the vitreous electricity thrown on the inner surface 
of the glass, and attracted hy the resinous electricity of 
the ruhher, is disengaged and abstracted from the outer 
coating, leaving the external surface of the glass charged 
with resinous electricity. In the same way, the resinous elec- 
tricity of the inner coating being repelled by the resinous elec- 
tricity now in excess on the outer coating, and attracted by 
the vitreous electricity of the machine, is also disengaged and 
abstracted ; and thus one surface of the jar becomes charged 
with vitreous electricity, and the -opposite surface with nega- 
tive electricity. The two electricities of the jar are disunited 
in the greatest possible degree by the respective actions of the 
excited rubber and glass of the machine, and will tend to re- 
combine with a force varying in some direct ratio of the 
amount of disturbance, and in some inverse ratio of the thick- 
ness of the intervening glass by which they are separated. It 
is this which constitutes the charge as exemplified in the 
Leyden experiment. 

72. Before any conducting communication is estabUshed in 
a charged jar between the interior and exterior surfaces, the 
tendency of the opposite elements to combine will be exerted 
in the direction of the intervening glass, and will by their 
mutual attraction approach as nearly to each other as the 
resisting intervening electric particles will permit : hence, on 
removing the coatings, as in Experiment 31 (66), we find the 
disunited electricities adhering strongly to the surface of the 
glass under the coating. When, however, we complete a con- 
ducting communication between the coatings, and annihilate, 
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as it were, all distance or resistance to the re-union of the two 
elements, then they re-comhine, and the jar is said to he on 
this hypothesis discharged. If the re-union takes place 
through the glass itself, which is sometimes the case, then a 
fracture of the jar ensues of a very striking and peculiar cha- 
racter. 

73. Since the process of charging consists in collecting, by 
means of the electrical machine, all the vitreous or positive 
electricity of the jar upon one surface, and all the resinous 
or negative electricity upon the other, it follows that unless we 
can bring the machine to act upon both sides of the jar, we can- 
not obtain a charge : it is requisite, therefore, to establish a 
communication between each side of the jar and the two con- 
ductors of the machine, either directly, as in Exp. 28 (66), or 
through the medium of the ground : hence it is on this hypo- 
thesis that an insulated jar refuses to charge, and that we 
cannot abstract either of the electricities from one side without 
at the same time abstracting an equal quantity of the opposite 
electricity from the other, as may be illustrated by all the 
preceding experiments, and by the general series of experi- 
ments resorted to by Franklin. 

74. Although these inquiries show that the solid electric 
intermediate between the coatings is the means of confining 
the two electricities to the opposite surfaces of the jar, yet 
they throw no light on the actual electrical condition of the 
interior particles of the glass. The beautiful and compara- 
tively recent experiments, however, of Faraday, go far to 
elucidate this important question. According to this phi- 
losopher, the particles intermediate between opposite electrical 
powers become, as before explained, fig. 20 (38), placed 
in a constrained or forced state; the particles assuming 
positive and negative points which are symmetrically ar- 
ranged with respect to each other, as roughly represented 
in fig. 20. This succession of positive and negative powers, 
exerted as it were in lines between the two limiting coat- 
ings, he Airther shows is accompanied by a repulsive or 
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diyerging force in a transverse direction. Now when this 
condition, termed induction, is permanent, then we have perfect 
insulation; but directly the particles begin to discharge into 
each other, then more or less of conductibiUty ensues, and no 
charge accumulates. If, on the contrary, the transverse 
action is greater than the particles can support without dis- 
charge, then the whole series is, as it were, mechanically 
deranged or broken up, constituting what he terms ' disrupt 
tive discharge,' as in the case of a fracture of a charged 
electric jar by the power of the two electric forces operating 
on each other by induction, through its substance, and which 
is characterized by a peculiar rupture of the glass, a portion of 
which is reduced occasionally to a fine powder. Hence it is 
that an interval of air is quite unable to sustain any consider-^ 
able electrical accumulation as compared with soUd electric 
matter. Faraday has characterized any insulating medium — 
soUd, fluid, or gaseous, through or across which the inductive 
electric forces act — by the term ' dielectric* 

75. According to these views, not only would the opposite 
electricities be found adhering to the glass beneath the 
coatings, as in Exp. 3 1 (66), but they would have penetrated 
also into its substance to a greater or less extent, causing a 
sort of surcharge or residuum after what appears to be a 
complete discharge of the whole system ; and this is really the 
case. 

iKrp. 3.5. Let the middle of a circular plate of crown glass, 
about 8 inches in diameter, be placed between two similar discs 
of gilt wood of about 5 inches in diameter, and about the 
^th of an inch in thickness : aflix a light glass handle to one 
of these discs in the way shown in fig. 31 (53), and insulate the 
whole system upon a slender glass rod, after the way repre- 
sented in fig. 34. We have then a coated pane with moveable 
coatings : charge this system by making a temporary commu- 
nication between the inferior coating and the ground, and 
throwing electricity on the upper surface : next remove the 
connection with the ground, and discharge the system with 
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the discharging rod, fig. 33 (61). To all appearance the elec- 
trical disturbance has vanished. If, however, we endeavour to 
detach the upper coating by its insulating handle, an adhesion 
will frequently arise between the glass and the coating, strong 
enough to lift the whole mass ; and if a little time be given, a 
residuum or return charge is found to occur, sufficient to cause 
a small second discharge on the application of the charging rod. 
Faraday, by means of coated lac, observed this return charge 
after a lapse of ten minutes, and considers it due to the elec- 
tricity coming forth as it were from the lac, into which it had 
penetrated in consequence of the forced electrical condition into 
which the particles had been previously brought. 

Exp, 36. Complete the discharge as before : remove the 
upper coating, and subsequently the glass, from off the inferior 
coating, by carefully lifting it by one point of the edge, so as 
not to disturb its electrical condition : test the state of the 
coatings by an electroscope, and it will be founds on the prin- 
ciple of the electrophorus (53), that the upper coating, 
originally positive, will now appear negative ; and the under 
coating, originally negative^ will be positive, showing evidently 
the still excited state of the particles of the dielectric. 

Exp, 37. Deprive the two coatings of all electricity, and 
replace the system as before, having been careful to preserve 
the insulated state of the glass plate: complete five or six 
alternate contacts with the coatings and the finger: first 
touching one and then the other, a weak spark will be com- 
monly elicited, and if the discharging rod be appUed, the 
system may be again discharged, although in a low degree. 
As the coatings were rendered perfectly neutral, this subse- 
quent charge could only have arisen from the dielectric par- 
ticles, much in the way explained by Faraday (22). 

THE ELECTRICAL BATTERY. 

7^» When several coated jars are united electrically by 
joining together all their charging rods or inner coatings, and 
placing them on a common conducting base, so as to unite in p 
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similar way all the outer coatings, as represented in the next 
figure 37) such a combination is termed an electrical battery. 
When charged from a common source, and discharged 
in the usual way, they all act together in mass, as one 
great jar; we have hence a means of multiplying electri- 
cal accumulation to an almost unlimited degree, provided we 
can obtain a sufficient charging power. The resulting eifect, 
although not quite in the ratio of the number of jars in com- 
bination, on account of the obstructions of the charging rods, 
&c., will still have a fair approximation to it if the charging 
power be high and the jars be of sufficient magnitude. With 
a battery of 100 jars, each about 13 inches in diameter, 2 
feet high, and exposing each about 5^ square feet of coated 
glass, the Dutch Electrician, Van Marum, obtained a tre- 
mendous action. When this battery, exposing altogether 550 
square feet of coated glass, and charged by the great Teylerian 
machine (48), was dischai^d through and upon various kinds 
of matter, its force was quite irresistible. When passed through 
steel bars 9 inches in length, ^ inch wide, and -j^th thick, the 
bars became powerfully magnetic: a piece of box-wood, 4 
inches in diameter and 4 inches long, was rent in pieces: 
various metaUic substances were melted and dispersed in all 
directions : an iron wire, 25 feet in length, and about the i^th 
part of an inch in diameter, fell under the shock into red-hot 
balls thrown in all directions : a piece of tin wire, 8 inches 
long and -j^th of an inch in diameter, disappeared in a cloud 
of blue smoke, from which fell red-hot globules of tin ; — these 
repeatedly bounded from a piece of paper beneath. 

77. In the construction of such batteries it has been usual 
to fit them up in series of small jars, each jar having a separate 
cover of mahogany, with an attached charging rod and chain. 
They are placed in partitions, in a case lined with tin-foil, and 
the jars are connected by cross brass rods terminating in balls. 
The expense of all this is very great ; and moreover such an 
arrangement is undesirable. The most effective arrangement is 
to employ jars of as large dimensions as possible, prepared as 
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already eiplMned (60). The fewer jars in s battery the 
better. They should be ^uped on an open conducting base 
about a central JM, as in No. 1 of the next figure (37), either 
in groupa of five, aeren, or any other convenient number. If 
the battery requires fiirther extension, then unite such groups 
by joining the chaining rods of their centrsl jars. In this 
way, by the aid of a few cammon brass wires, and some holes 
in the charging rods, we may put together in a short drae a 
battery of any required power and of the most efficient de- 
scription, with very httle inconvenience, trouble, or expense. 

78. The management of electrical batteries requires very 
considerable caution. They can be, of course, easily chaiged 
hy connecting the central rod with the machine ; the charge 
will then pervade the whole through each conducting ramifi- 
cation. To discharge such a series it wiU be desirable to employ 
two insulated balls, one in communication with the central 
charging rod, and the other with the common conducting base 
Rg, 37. 




on which the jars are placed, that is to say, with the external 
coatings, and which balls can be joined at any required instant, 
as shown in No. 2 of figure 37. In this figure, a is a ball of 
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bnuss supported on a rod of Tarnished glass a b by a glass pillar 
and mahogany ball b. The ball a has a yertical hole through 
its centre, so as to admit of a short brass rod p o, carrying a 
discharging ball p, falUng freely through it. The rod p o has 
two or more small holes drilled in it, by which it can be sup* 
ported at a given height on the ball a, by means of a pointed 
bent wire attached to a hinge joint at t, and a glass handle t c. 
The front of the ball a receiyes a direct metallic communica-^ 
tion, p A, with the battery, as shown in the figure. Imme- 
diately under the discharging ball p is a similar ball n, fixed 
on a stout pillar of glass, and connected in any required way 
with the exterior coatings or base of the battery. When the 
operator requires to discharge the battery through any given 
circuit, he liberates the bent brass wire support fixed to the 
jomt at ^ by a light touch of the glass handle c. The ball p 
then falls on the ball n, the balls p n come together, and the 
battery dischaiges without danger to the operator, and always 
in the same way. 

79. When certain substances are exposed to the action of 
the battery, they are placed on an insulating table between two 
directing wires, which may be adjusted conveniently for the 
particular experiment. An instrument of this kind is termed 
a ' Universal Discharger,' and is represented in No. 3 of figure 
37. The two directing rods a 6 are fixed on pillars of glass, 
and are so arranged as to shde through short spring tubes fixed 
to the joints, and move in any direction ; the insulating table e 
is placed between these rods, and is fixed on a glass rod, sup- 
ported in a socket of wood so as to slide with friction in a piece 
of compressed cork, up and down» and be maintained to imy re- 
quired height : the substance to be operated on is to be placed 
between the directing rods a 5 on the table c, or stretched 
between them : one of the rods is then connected with the 
lower insulated ball n of the battery discharger, and the other 
with the common conducting base on which the battery rests, 
as shown in the annexed figure 37, in which it is evident that 
directly we liberate the ball p, and cause it to fall on the ball 
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N, we have completed a circuit /) a p n 6 a, immediately through 
the substance exposed to the battery, and extending directly 
from the inner to the outer coatings. 

It may be proper to observe that several contrivances have 
been employed for discharging electrical batteries; but that 
just described is very safe and efficient. 

ELECTROMETERS. 

80. An electroscope adapted to the measurement of elec- 
trical quantities of any kind is termed an Electrometer, and is 
employed to determine either the relative quantity of electricity 
actually in operation, — its attractive or repulsive force under 
given conditions, — or the comparative effect produced by its 
discharge in various ways. The different electroscopes already 
described (41) are converted into electrometers by applying to 
them some graduated measure of their respective indications. 
The following may be considered as being amongst the most 
perfect and available of such instruments. 

81. Quadrant Electrometer. — This electrometer was in- 
vented by Mr. W. Henley, F.R.S., so long 
since as the year 1772. It has been much 
employed in certain electrical investigations, 
especially with the electrical jar, or battery, 
and appears to be the first instrument of this 
kind ever used. A short reed c d, fig. 38, 
terminating in a light ball of pith d, is set 
on a delicate axis attached to a vertical 
conducting rod or stem a b. This axis c 
is in the centre of a graduated quadrant or 
semicircle, also affixed •to the same stem. 
The stem has a ball at a, against which 
the reed cd reposes when not electrified. 
When charged either by placing the instrument on one of th6 
conductors of the machine, or on the rod of an electrical jar, 
as in fig. 37» the reed cd rises into the air, and marks, as an 
index, on the graduated semicircle the angle of divergence by 
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which the comparatiye amount of electrification or charge may 
in some cases be estimated. 

82. Quadrant Electrometer of Double Beptdsion, — This 
instniment, constructed on the same principle as the former, 
is represented in the annexed figure 39. A 
small elhptical metallic ring c is set ob- 
liquely on a short brass rod cm, sustained 
on an insulated support: two light metallic 
wires, c a, cb, are fixed vertically at the 
opposite ends of the long diameter of the 
ring; and these wires terminate in gilt 
balls of pith or cork. In the direction of 
the short diameter of the ring, a delicate 
axis is set on points which by a central 
transverse pin carries two light reeds cd, 
c/, forming together one long index df. 
This index also terminates in gilt pith 
balls : when uncharged, the index reposes 
against the vertical wires ca, cb: when 
electrified, either alone, or by connecting 
the rod em with a charged conductor or 
jar, the index is repelled in opposite direc- 
tions, above at a, and below at b, by a 
double repulsion, the amount of divergence 
being estimated by a graduated quadrant 

fixed in the centre of the axis of the index, behind the ellip- 
tical ring e. The tendency of the index to a vertical position 
is regulated by short pieces of reed, placed on the opposite 
arms of the index, and which sUde with firiction on them, so 
as to admit of being placed at various distances from the 
centre : thus the index diverges with an extremely small force. 

83. This class of electrometer, although convenient and 
useful in many instances, is nevertheless of very limited appli- 
cation in others* We are certainly enabled to say that, eateris 
paribus, when the angular divergence is the same, the same 
quantity of electricity is in operation : with a greater diver- 
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gence, there is a greater quantity, — with a less diyergence, 
less ; hut how much greater or less it is not easy to determine, 
since we haye with the divergence to take into the account the 
diminishing force of repulsion as the distance increases, and 
the simultaneous increasing force of gravity at different angles, 
together with all the different and varying distances from the 
centre to the extremities of the repelling arms ; and also the 
variahle ohlique action of the forces as the index rises ; all of 
which is to a certain extent indeterminate. The common 
Henley's Quadrant Electrometer, when placed on a charging 
jar, as in fig. 37 (78), exhihits at first little or no activity. 
As the charge proceeds, its action rapidly increases : finally, 
after arriving at an angle of about 60 degrees, the rate of pro- 
gress of the index is slow, and it will frequently attain a maxi- 
mum elevation before the charge is complete. Cavendish 
states in his manuscripts, that when this electrometer is con- 
siderably elevated on a long stem above the charged conductor 
on which it is usually placed, the indications will be different 
from those obtained when it is situated close upon it. In the 
first case, the electrometer is more sensible at the beginning 
of the motion ; in the latter case it is less sensible. The dif- 
ference by experiment with similar quantities of electricity 
was found to be considerable : thus when close upon the con- 
ductor, the divergence was only 5 degrees; when elevated, 
the divergence amounted to 21 degrees. On the other hand, 
towards the close of the motion, the sensibility of increase was 
found to be less in the elevated than in the close situation. 
The safest method perhaps is to determine experimentally for 
each particular instrument the angular quantity corresponding 
to a given charge, and to estimate accordingly. 

84. The following are the results of some experiments of 
this kind with the electrometer of double repulsion (82) when 
connected with an electrical jar, the quantity of electricity 
being estimated by the number of revolutions of the machine, 
or by other known units of measure to be presently de- 
scribed (90). 
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Measures of 1 
Electricity. J 


10 
1 


20 
5 


30 
12 


40 
16 


50 
20 


60 
28 


70 


80 


90 


lOO 


Degrees of 1 
Divergence, j 


30 


34 


36 


40 



If we reject the first two experiments, and commence with 
30 measures, we find the angular diyergence of the index 
nearly as the quantity of electricity : thus the divergence cor- 
responding to the quantities 30, 60, and 90, which are as the 
numhers 1, 2, 3, is 12, 28, 36, also as the numbers 1, 2, 3, or 
nearly so; and this law appears to obtain generally within 
certain limits. Thus the quantities 50 and 100 give the diver- 
gences 20 and 40, which are both as 1 : 2. 

Achard states, that to estimate truly the repulsive force 
by Henley's electrometer, the graduations should be according 
to a scale of arcs, the tangents of which are in arithmetical 
progression. The truth of this, however, can only be ascer- 
tained experimentally. 

85. Cavendishes Electrometer. — This instrument, repre- 
sented in the annexed fig. 40, is a most ingenious and ready- 
conversion of the double reed elec- 
troscope, fig. 24 (41), to an instru- 
ment of measure. The following 
description of it is extracted from 
the valuable manuscripts of this 
distinguished philosopher, a a and 
5 B are two ' wheaten straws,' each 
1 1 inches long, supported by fine 
steel pins resting on notches in a 
small metallic plate p, so as to turn 
on each of these points as a centre. 
The straws are left open below, and 
carry two small cork balls ab, about 
one-third of an inch in diameter, 
covering their open ends. In 
order to increase the force with 
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which the straws tend to close at any angle of diyergence, the 
lower open ends are occasionally loaded with short pieces of 
wire of a given weight. Now it is not difficult to find, on 
common mechanical principles, the relative forces with which 
the straws, considered as levers, will tend to the perpendicular 
when light, and when loaded with given weights, and thus 
estimate the relative repulsive power required to maintain the 
same angle of divergence in these two cases. Suppose, for 
example, the force tending to the perpendicular from a given 
angle of divergence was four times greater when loaded than 
when light, we might infer that if divergent hy electrical re- 
pulsion, four times the repulsive force must he exerted to 
sustain the loaded reeds at the same angle as the light reeds. 
Supposing the force of gravity in this kind of instrument to h^ 
concentrated in the balls themselves, ** the force required to 
separate them will be as their weights directly ;" so that by a 
careful manipulation we may, with this kind of instrument, 
measure the repulsive force pretty accurately. In applying 
this electrometer, we suspend it from the charged body, and at 
a distance of about 6 inches before a strongly marked paste- 
board scale e c?, the eye bei^ig situated about 30 inches before 
the scale, so that by means of an eye-piece the angle of diver- 
gence is easily estimated. The straws a a, 6 b reach nearly to 
the bottom of the cork balls, but not quite, so that the lower 
ends of the small wires with which the reeds are loaded may 
be just even with the surface of the ball, being retained in 
their places by a little soft wax. 

86. The Balance of Torsion. — M. Coulomb, a distinguished 
member of the Royal Academy of Sciences at Paris, describes, 
in a memoir presented to the Academy in the year 1785, a 
method of balancing the force of electrical repulsion against 
the re-active force of a fine wire, suspended vertically, and 
twisted more or less from its quiescent position. This has 
been termed Coulomb's Torsion Balance. It is represented in 
the annexed figure 41. A fine wire or silver thread a 6 is 
attached to a rigid pin at a, and carries at its lower extremity b 

E 
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a small weight, and a transverse arm or Fig. 41. 

lever mnx & small gilt disc of paper or 
a gilt pith ball, insulated on a thread 
of lac, is attached to one end m of this 
arm, and a paper vane, to arrest the 
oscillations, is fixed to the other extre- 
mity 3 the whole is enclosed in a case of 
glass. Immediately next the ball pi there 
is another similar ball jp, insulated and 
supported by the cover of the glass case ; 
the centre of this ball corresponds with 
the zero of a graduated circle ptn, sur-i 
rounding the cylindrical case, by which 
means any angular distance between the 
balls pm can be estimated. When the 
ball p is electrified, or charged, ai^d 
placed in the case through a hole in the cover, so as to touch 
the ball m of the lever, then the balls repel each other (16) ; 
the lever mn is turned upon its centre, and the suspensory 
wire becomes more or less twisted : i;i this way a re-active 
force is produced, and a balance obtained to the electrical 
repulsion at a given point. 

Let, for example, a charge be communicated to the fixed 
ball I?, such as would cause the two balls to separate 36 de- 
grees; then, as is evident, the wire would become twisted 
through an angle of 36 degrees ; and since Coulomb proved 
that its re-active force, or tendency to return to its previous 
state, was exactly proportionate to the torsion, 36 degrees be- 
comes the measure of the electrical force operating between 
the balls ^t that distance. 

Suppose it be now required to find the torsion force required 
to maintain the balls against the electrical force at a divergence 
of 18 degrees, or one-half of the former angle ; we then turn 
the central pin at a, to which the wire is fixed, in opposition 
to the direction of the repulsive force, until we oblige the balls 
to rest at the given angle ; this is the new force of ixyrmm. 
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For the measurement of this, there is a graduated circle and 
index, with a milled head at the termination of the suspension 
pin a. Suppose, for example, that in order to maintain 
the balls at 18^ we had twisted back the wire a h against 
the electrical force 126°, as measured by the graduated 
circle at a, then 126°, together with the former torsion 
of 18° = 144°, would be the total force at that angle, 
and we should have the numbers 36 and 144 for the relative 
values of the repulsive forces at the angular distances of 36^ 
and 18°. 

87. The Bifilar Balance. — In this electrometer, invented by 
the author and described in the 'Transactions of the Royal 
Society' for 1836, a re-active force is obtained by means of a 
lever at the extremity of two parallel and vertical threads of 
unspun silk, suspended within a quarter of an inch of each 
other from a fixed point : the threads are stretched more or 
less by a small weight, and the repulsive force is caused to 
operate much in the same way as in Coulomb's Balance of 
Torsion. As the threads tend to turn, as it were, upon each 
other, the stretching weight becomes raised by a small quan- 
tity, and thus gravity is brought to re-act against the repulsive 
force in operation. The delicacy of this balance is extremely 

great, and will render sensible a force of the ^0060^ ^ P*'^ ®^ * 
grain. 

88. The Hydrostatic Electrometer, — In this instrument, 
the essential parts of which are represented in figure 42, the 
force of electricity is balanced against the position of a small 
counterpoise, partially immersed in water. A light circular 
gilt disc A is fixed on an insulating rod at the extremity of 
a* graduated slide, by which it may be raised or depressed to 
any required distance : opposed, and directly over this, is a 
similar gilt disc b, insulated by a suspensory silk thread n m, 
and attached to a silver thread cwn passing over a quarter of 
the circumference of a wheel w, set on light friction wheels, in 
order to obtain a free motion. The weight of the conductor b 
is counterpoised by a short cylinder of wood «, suspender 
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Fig. 42. 




in a similar way from 

a silk line t a passing 

round the opposite 

side of the wheels and 

partly floating in water 

contained in a small 

glass vessel d : the 

wheel carries an in* 

dex of light reed e i, 

moyeable over a gra^ 

duated arc jpoy: the 

centre o of this arc is 

marked zero. The 

counterpoise a may be 

so adjusted, either by 

small weights, or by 

a regulating screw r, 

by which the glass yes- 

sel d, containing the 

water, is supported, 

that when in equilibrio 

at a certain immersion 

of the float, the index 

ei is at zero of the scale. 

The whole of the wheel-work, with its arc and other attached 

parts, may be raised or lowered through measurable spaces by 

means of a rack and pinion c, fixed in the column of support 

G H. The details of the firamework of the instrument are 

omitted in the figure, in order to avoid complication. 

It follows from this arrangement, that so soon as any new 
force is brought to operate on either side, suppose the force of 
a few grains' weight, then the cylindrical float d either sinks or 
rises in the water, until the fluid which it continues or ceases to 
displace balances the weight added ; and this is shown by the 
position of the iudex on the arc « o y ; so that any force 
operating between the circular discs a b may be referred to a 
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known standard of weight detennined experimentally in tenns 
of the divisions of the arc a? y. 

In the apphcation of this instrument to the measurement of 
electrical attraction, the suspended disc b is connected with its 
silver thread of suspension c n by a very fine wire, and a charge 
is communicated to the fixed disc a. For repulsive forces we 
remove the connecting wire, so as to leave the disc completely 
insulated ; we then charge it with a similar electricity to that 
of the disc a, either by bringing the discs in contact or by 
other insulating temporary communication, or by a separate 
and temporary charge. In either case the forces are shown 
on the arcx y either in direction o x or oy. 

To estimate the distance of action a b, the two discs are 
first made to touch and lie evenly on each other ; they are 
then separated by a given measured space, either by means of 
the rack at c or the rack at p : this will be the distance at 
which the force begins to operate. The final distance, when 
the balance is obtained^ will be this distance plus or minus the 
quantity which the disc b has either ascended or descended ; 
and which is so arranged that a vertical motion of b of the 
100th of an inch moves the index c i exactly one degree of 
the arc. Thus, suppose the first distance a b being regulated 
to one inch, an attractive force had caused b to descend until 
the index had reached 10 degrees, at which point the force 
became balanced, then the actual distance of action would be 
1 inch + -ji^ = l^ths, taking -^th as the unit of measure* 
Or supposing we required to determine the force of a given or 
variable quantity of electricity at a constant or variable dis- 
tance, previously determined as before, we have only to bring 
the index to the zero of the arc by means of the screw at r 
which regulates the water-vessel, which must be done while 
the instrument is under the operation of the electrical force> 
and we thus restore the measured distance. If we now discharge 
the electricity of the attracting or repelling discs a b, the index 
will move either toward a? or y, as the case may be, and mark 
off in degrees the relative amount of the respective forces^ 
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The quantity of electricity, all other things being the same^ 
will be, by a law of electrical charge to be presently explained^ 
as the square roots of the forces as expressed by the index. 
/Thus, if in any two consecutive experiments the forces were 
4 degrees and 9 degrees, then the relative quantities of elec« 
tricity in operation will be as ^/ 4 : V 9, that is, as 2:3. 
A more particular description of this electrometer will be found 
in the Transactions of the Royal Society for. 1839 and 1834. 

89 » The Scale-heam Electrometer. — The common scale- 
beam furnishes an exact measure of electrical force, and has 
been appHed to the purposes of an electrometer with consider- 
able effect : the particular arrangements are described by the 
author in the Transactions of the Royal Society for 1834 ; 
they are very similar to those of the electrometer just de^ 
scribed, with this exception, that a common balance is substi* 
tuted for the wheel-work, the suspended disc is counterpoised^ 
and the force of the attracticm is estimated by weights placed 
in the scale-pan. The general arrangement is shown in 
figure 43, in which a b are the opposed discs ; c d a delicate 
beam sustained on a column pjg. 43, 

of support c, furnished with 
a rack and pinion as at c in 
the preceding instrument ; 
s is a scale-pan resting on a 
small table t, and / a light 
arm to be occasionally turned 
in under the beam, either to 
support it or prevent it from 
descending beyond a given 
point. 

Electricity is communi- 
cated to the disc a through 
the insulated conductor p, 
and the attractive force is 
estimated by small weights in the pan s. 

90. Electrometers more especially applicable to the Leyden 
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jar, in combination with the preceding, are of great moment 
in electrical investigations; particularly those by which a 
precise estimate of the quantity of accumulated electricity 
jn&y be attained : several methods have been resorted to for 
the construction of such instruments, including the principle 
of the fusion of metaUic wires by the subsequent discharge. 
Of such instruments, the most available are the electrometers 
of Lane and Cuthbertson ; the Unit measure and Quantity 
jar ; and the Thermo -electrometer. 

91. Discharging Electrometer. — ^This electrometer was con* 
trived about the year 1767, by Mr. Thomas Lane, a medical 
practitioner, of London^ his object being to obtain from an 
electrical jar repeated discharges of a given force. The instru- 
ment consists of a bent arm of glass acb, fig. 44, attached to 



Fig. 44. 



the charging rod a: this arm 
sustains a screw-shde and tube 
carrying a rod and ball n t, con- 
nected with the outer coating 
of the jar by a wire s, the ball n 
being, by means of a graduated 
circle and index at t, set at a 
measured distance from a simi- 
lar ball m, projecting from the 
charging rod. When the increas- 
ing force is sufficiently powerful, 
an explosive or disruptive dis- 
charge ensues between the balki 
m n, and it is demonstrable that 
the relative quantity of electricity accumulated at the instant 
of the discharge is directly as the distance between the points 
of contact of the balls : thus, when the discharge takes place 
at a distance of four- tenths of an inch, the quantity of elec- 
tricity accumulated would be double that producing a discharge 
at two-tenths of an inch, and so on, as will be presently 
demonstrated. 

92. Cuthbertson* s Discharging Electrometer, — This instru* 
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mentj represented in the annexed figure 45, consists of an 
insulated metallic rod a 5, set on a knife-edge centre at c, and 
equally balanced by a hollow brass ball a 6 at each end. 
The centre is coTered by a ball c, with slits in it to allow 
of the motion of the arms of the balance. One of these 
balls^ a, rests on a second similar ball d, sustained from the 
insulator k of the balanced arm acb, and to be connected 
when the instrument is applied with the positive ball i» of 
a jar or battery. Immediately under the opposite ball 6 is a 
similar ball n, but fixed 
at a distance from the ball 
b : this last ball n is con- 
nected with the negative 
side of the jar or battery. 
The arm c a is divided 
into 60 parts^ after the 
manner of a common steel- 
yard^ to which a loose 
sHder is adapted, which 
being set to different 
divisions from the centre 

c, furnishes different measured resistances to the motion of the 
rod a hy about the centre c, — estimated in grains. These 
arrangements being complete, suppose the slider set at 10 
grains, then, as the charge proceeds, the balls a d will begin to 
repel each other (16). When the force just exceeds the 
resistance, the arm c a will rise» and the sHder, which is loose 
upon the arm, wiU fall towards the centre c : then the arm c b 
will descend, and the ball b coming within the limits of the 
attractive force between n and 6, will rapidly approach the ball 
N, and discharge the battery by the circuit p dfg cbsn. 

It has been usually supposed that the accumulation will be 
as the resistance directly, so that when the slider is set to 5 and 
10 grains, the respective quantities of electricity accumulated 
and discharged will be as 1:2. Such, however, is not the case, 
as we shall presently see. To obtain a double charge, the 
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slider mtisi be s6t to 20 grains^ or four times the first resist- 
ance, — the electrical force being as the square of the quantity 
of electricity accumulated (112). Henley's Quadrant Electro- 
meter is usually placed in the centre of this discharger, by which 
means, as was observed by Cuthbertson, we unite into one in- 
strument, Henley's Electrometer^ by which we see the progress 
of the charge (82) ; Lane's Discharging Electrometer, by 
which the battery is discharged when the balls 6n come 
within a striking distance j and obtain a measure of the re- 
pulsive power in weight, and hence a measure of the quantity 
of the electricity accumulated. 

If we connect the centre ball a with the positive conductor p, 
and place n without the striking distance i^m 6, we may then 
take {I as a mere insulated support, and allow the balls 6 n to 
close by attraction* In this case the ball d may be insulated on 
a plain glass rod. This instrument, as is evident, may be appUed 
in various ways ; the latter, however, is perhaps the best. 

93. The Unit Mtasure, — ^This species of electrometer, for 
the measurement of quantities of electricity, was invented by 
the author in 1829, and described by him in the Phil. Trans, 
for 1834, page 217. It consists of a small Leyden phialj 
A, ^^, 46, about five inches in length, and three-fourths of an 
inch in diameter^ fixed 
horizontally on a long 
insulator b, and inter- 
posed between the ma- 
chine and the jar or 
battery to be charged: 
this small phial is 
coated to within nearly 
two inches of the top, 

so as to expose about six square inches 6f coated glass; the 
charging rod is connected at p with the charging conductor of 
the electrical machine, and the outer coating with the jar or 
battery by a rod tp. When the machine is set in motion, this 
small jar begins to charge^ and by the law of the Leyden 

£5 
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phial (65), as mnch electricitj as is thrown upon the inner 
coating hj the electrical machine, leaves the outer coating to 
he (hstrihuted over the inner surface of the jar. When the 
accumulation in the phial a has reached a certain height, as 
measured h j two small halls m n, connected with the inner and 
outer coatings on the principle of Lane's electrcrmeter, just 
descrihed, a disruptive discharge or explosion ensues, which 
marks a certain quantity of electricity received as a charge hy 
the hattery in terms of the small jar, charged to a given 
degree : this explosion, for all practical purposes, sufficiently 
discharges the phial, and places it in a state to mark a similar 
quantity, at each instant of the explosion, as the charge pro- 
ceeds : thus the small jar hecomes a sort of unit of measure, 
showing how many phials of electricity have, as it were^ heen 
poured into the charged jar or hattery : it is only requisite to 
fix the distance hetween the exploding halls m n, hy means of 
a graduated slide on the charging rod, so as to determine the 
magnitude of this unit, and we assign precisely its comparative 
relative value, 

94. The Quantity Jar. — The communication of small mea<* 
surahle quantities of electricity to insulated conductors is of 
great importance to the progress of electrical research. The 
unit measure last descrihed is not always availahle to this pur* 
pose, which is hest effected hy what may he termed a Quantity 
Jar, invented hy the author, and prepared as in fig. 47. In this 
figure A is a coated jar, 
exposing ahout a square 
foot of coated glass: it has 
a large uncoated interval 
varnished ; it is insulated 
horizontally on a long var- 
nished glass rod g, and in 
addition to the charging 
rod and hall p, it is fur- 
nished with a similar rod 
and ball n, projecting from the outer coating at the base of the jar. 
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Each of the rods pnia famished with a small electrometer a 6, 
on Henley's principle, but consisting of a light straw, balanced on 
a fine axis bj a counterpoise ball, and set in an elliptical ring, 
similar to the method of the electrometer, fig. 39 (82), except 
that it is placed horizontally, and is a single reed counterpoised 
by a short arm and ball. Suppose this jar to be charged with 
any given quantity of electricity as measured by the unit 
measure just described, it will then furnish to a small iosulated 
transfer plate or sphere, such as represented c a, fig. 14 (26), 
a succession of sparks, which may for all practical purposes be 
taken as equal to each other, and which may be transferred 
to any insulated body k, fig. 42 (88), connected with the 
electrometer. If we require positive electricity, we first touch 
the ball n connected with the outer coating, so as to neutralize 
any surplus electricity (62), and then apply the transfer sphere 
to the ball p. If we require negative electricity, we then 
neutralize first the surplus spark of the positive coating by 
touching the heiUp (62), and then proceed to apply the insu- 
lated sphere to the ball n. We may easily determine by 
means of the electrometers the range within which the transfer 
sphere will always become charged with the same quantity. 

Plates of various sizes and forms may be employed as 
transfer plates for ordinary purposes : a small disc about 
1 inch in diameter will be found convenient. If we require to 
obtain a double or treble quantity of electricity at once upon 
the same plate, we must have our transfer plates so pro- 
portioned that they shall not only expose double and treble the 
area, but this area must be placed under twice and three times 
the extent of linear boundary (1 14). 

In transferring electricity in this way to insulated conductors 
exposing a large extent of surface, the small transfer disc or 
sphere may be considered for one or two transfers to have 
yielded up all the charge after the contact. If the insulated 
body K, fig. 42 (88)^ be an open sphere or cylinder, then on 
contact with the inner surface, all the electricity of the transfer 
sphere will certainly disappear^ as is seen Experiment 21 (26). 
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In some instances in which we desire to communicate (tmall 
and equal measures of electricity to a large insulated plane, we 
may deposit the transfer disc on its surface, and then proceed 
to a second equal disc ; and so on in this way we may insure 
the communication of successive equal measures : very small 
jars or plates, exposing from 1 to 4 square inches of coated 
glass, may he occasionally employed in the transfer of mea- 
sured quantities of electricity in this way. 

We have heen rather disposed to dwell on this hranch of 
electrical manipulation, from its great importance in refined 
inquiries in electricity^ Cayendish, as it appears from his 
manuscripts, estimated electrical quantity much in this way, 
and in square, glohular, or circular inches. By a globular 
inch he means the quantity of electricity on a globe of 1 inch 
in diameter^ supposing it charged to saturation. Thus^ he says, 
the charge of a circle 18*5 inches in diameter is 13*5 globular 
inches of electricity $ 8 square inches, he says, equals 9 circular 
inches, — ^taking the square or circular inch as unity. The 
quantity jar may be used without the electrometers j9 n, after 
being charged by the unit jar (93). Its state may be tested 
from time to time by occasional contact with the double 
repulsive electrometer (82). Pig. 48. 

95. The Thermo - Electrometer. -^ The [j, 

effect of the electrical discharge on metallic 
bodies is to raise their temperature to a 
greater or less degree, and in many instances 
to rendei* metalhc wires red-'hot, and to dissi- 
pate them in a shower of melted globules. 
The fusion of wire has accordingly been 
resorted to as a measure of the force and ex- 
tent of electrical accumulations on coated 
glass. Independently of this method being 
uncertain and tedious* it is in many instances 
quite inapplicable to many refined inquiries. 
The thermo-electrometer, invented by the 
author, whilst it avoids all destruction of 
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the metal, indicates at the same time the comparative heating 
effect of the discharge, and admits of an accurate estimate 
of the force in operation. It consists of an air thermometer 
Acd, fig. 48, haying a fine wire of platinum passed air-tight 
across its hulh a, which is screwed also air-tight on a small 
open vessel containing a coloured liquid, and soldered at the 
extremity of a hent glass tuhe Acd, The long vertical leg c d 
of this tuhe is supported hj a graduated scale of inches and 
tenths, on a convenient foot c, the lower part of which is 
marked zero, at the point where the coloured liquid in the 
short leg finds its level. There is a small screw-valve at 6, 
to admit of an opening with the external air, so as to adjust 
the fluid to zero of the scale. 

When an electrical accumulation from a jar or hattery is 
passed through the wire in the hall a, the temperature of the 
wire is more or less raised, which causes the air to expand and 
press the coloured fluid up in the long leg c d, the altitude 
being measured on the graduated scale. In this way a com- 
parative numerical value of the heating effect of the discharge 
may he arrived at ; and it is found that the height to which 
the fluid rises in the leg c e^ is as the square of the quantity of 
electricity discharged. The dehcacy of this electrometer will 
depend on the size of the platinum wire, which, for ordinary 
purposes, may he from the ^th to the y^th of an inch in 
diameter, and about 3 inches in length, corresponding with the 
diameter of the ball of the thermometer. The electrical dis- 
charge is passed through the wire by means of the drop ball, 
fig. 37, No. 2, the wire being placed in the position of the 
universal discharger acb, and the circuit n bean completed 
by connection with the two balls external to the glass ball a, in 
which the wire terminates. A more detailed account of this 
instrument will be found in the ' Philosophical Transactions ' 
for the year 1827, and also in the 'Edinburgh Philosophical 
Transactions' for 1832. 



IV. 

LAWS OF ELECTRICAL ACTION. 

Actions at a Distance — ^Views of Faraday — Inductive Force — Law of 
Electrical Attraction — Repulsive Force — Researches of Coulomb — > 
Laws of Electrical Charge — Investigations of Cavendish — Conditions of 
Charge on Coated Electrics — Tension and Intensity. 

96. The operation df those mysterious and intangible powers 
in nature, by the agency of which masses of matter influence 
or act upon each other at very sensible and even very remote 
distances, is a subject of physical research replete with the' 
most exciting interest, whether we refer such actions to the 
question of gravity as exerted between the sun and planets at 
distances of many millions of miles, or to the influences of 
bodies electrically charged through comparatively insignificant 
distances of only a few inches. In either case the fact is 
equally wonderful and important. Philosophers, for a long 
time unable to assign any sufficient cause in explanation of 
the action of bodies on each other at a distance, have been 
content to consider such phenomena in the light of a mere 
matter of fact — upon which they have been led to rest a theory, 
without inquiry into the cause. 

97. Before entering upon a particular analysis of such 
actions through the dgency of electricity, it may be useful to 
revert once again to the admirable inquiries of Faraday, 
inasmuch as they afford a fair view of the nature of the opera- 
tion by which an electrical force, originating in a certain place, 
is propagated and sustained at a distance^ appearing there, in 
another place, as a force of a similar kind. 

We have already seen, in Exp. 16 (23), that the phenomena 
of electrical attraction and repulsion are altogether dependent 
on a preparation principle, termed induction, by which a 
substance is first rendered capable of being attracted or re- 
pelled, and is then attracted or repelled. Now this principle 
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of induction, as we have found, is of the utmost generality 
in electrical action, — it is the essential function of all electrical 
development; so that in fact we cannot proceed with any 
investigation in electricity without some practical knowledge 
of its nature. 

98. According to Faraday (38), the immediate effect of 
any substance electrically charged is to bring the particles 
adjacent to it into a peculiar constrained condition, consisting 
of a new distribution of the electrical forces resident in them, 
and by which these forces become placed in a new and certain 
relative position in regard to the electrified substance. These 
proximate particles, thus electrically affected, now act on the 
next particles contiguous to them, and these on the next, 
and so on, through a given series, until the forces throughout 
the whole become symmetrically arranged in a succession of 
positive and negative points, as already explained, fig. 20 (38), 
or, in other words, become polarized; thereby propagatmg the 
priginal force to a distance where it appears to be sustained as 
a force of the same kind, equal in amount, but opposite as to 
direction, Exp. 14 (21). Now in metaUic and other good 
conducting bodies this polarization of intermediate particles 
does not subsist for an instant, in consequence of the particles 
pommunicating the opposed forces from one to the other, by 
which the whole condition is lowered ; it is, in fact, this act of 
discharge from particle to particle which constitutes conduction. 
Metallic or other conductors, therefore, will only exhibit the 
polarized state as a whole ; as in the instance of the faces b c 
of the cylinder b, fig. 9 (21). Now this result is altogether 
independent of the mass of the body, and requires no sensible 
thickness for its mere development ; a piece of the thinnest 
leaf gold may become positive on one surface, and negative on 
the other, and that without the least interference of the two 
electrical forces. Hence all charge will necessarily be found 
on the surface of. conductors (24), since it is only there that 
the surrounding resisting dielectric medium, capable of sustain- 
ing induction, and upon which the charge depends, is found t<^ 
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commence. If the conductor be hollow^ or contain air> still 
there can be no induction, on account of the opposing actions 
in all directions from the interior surface of the charged body 
(24). In the case of electric substances forming dielectric 
media, as in the instance of the intermediate air or glass 
between limiting conducting planes, fig. 27 (42), the thick- 
ness of the stratum has a most important influence. In such 
media the forces cannot discharge, as it were, into each other, 
as in the former case ; and the result is a permanently existing 
polarization throughout the whole series, constituting what 
has been termed insulation (8) (11), and by which a sort of 
propagation of force is obtained throughout a series of particles, 
until the force reaches some limiting conducting surface, and 
appears there at a distance from the point in which it origi-* 
nated. By the term contiguous particles, we are to under- 
stand, following particles, or next particles, without any 
relation to the question of nearness, or of indefinitely small 
distances between such particles (38) ; by polarity we under- 
stand, also, such a disposition of force as enables the same 
particle to acquire opposite powers in different parts, as repre*^ 
sented in fig. 20 (38). 

99. We see, then^ according to these views, that the first 
effect of an electrically charged or excited body upon an insu' 
lating medium is upon the particles of the medium immedi' 
ately next it : these operate in a similar way upon the follow- 
ing or contiguous particles, until the force extends to some 
distant body ; and there is probably no distance so great as to 
be without the reach of this progressive propagation, although 
with the same originating force the polarization goes on more 
easily as the extent of the medium is lessened, since there trill 
be in this case fewer particles in the line of action opposing a 
united resistance to the polarized state, which we must ever 
consider as a constrained state, being sustained purely by the 
force of the originating electrical charge. The annexed 
diagram, fig. 49, may serve to elucidate this more com* 
pletely. Let a be a conductori charged either positively or 
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negatively; b a distant neutral and similar conductor; and 
abode intermediate particles of any insulating dielectric 
medium : then if a be charged positively^ we obtain a series of 

Kg. 49. 
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successive intermediate positive and negative forces symme- 
trically disposed, the negative after the positive, until we reach 
the proximate face of the conductor b ; upon which, by the 
law of the series, a similar force will appear to that exerted by 
A, but of an opposite kind as to direction ; that is, it will 
be negative ; but as this progressive insulation of the particles 
or forces Cannot exist in the conductor b, we only there obtain 
the polarized state as it were bodily, that is, where the insu- 
lating medium begins or continues, so that the next companion 
fotce is found towards its more distant parts ) thus, whilst the 
intervening dielectric medium is polarized, particle after particle, 
the limiting conductor is polarized as a whole : but if we 
can in a distant conductor b obtain in this way a similar 
force in effect, although opposite in direction to that of the 
permanently charged body a, it may be inferred, as we have 
shown experimentally (21), that this newly developed force 
should also operate or re-act by a sort of return action upon the 
original conductor in a very similar way, by which the state of 
polarization would be further exalted; the return action would 
in fact conspire with the original power of polarization as 
to the position of the intermediate forces, much in the same 
way as would arise supposing the distant conductor b to be 
also permanently charged with a force opposite in direction to 
that of A ; in which case it is evident that both conductors 
would act similarly. If we consider the successive polarities, 
fig. 49, to be lines of force (39), then since the force in any point 
of such a series is made up of the forces acting in all directions, 
that is, the resultant of such forces, we may conceive the 
existence of a relative force transverse or oblique to the lines 
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AB of the direct inductive forces, equivalent to a dilatation 
or repulsion of such lines, and which may be expressed by the 
term tension. 

100. Such, then, we may conceive to be the existing state 
of things in every case of electrical action at a distance; so that 
attraction by electrical agency is really the consequence of 
charge, as in the Leyden experiment : we require for its deve- 
lopment two oppositely electrified surfaces, usually hmiting 
conductors, with an intermediate dielectric medium, the par* 
tides of which become polarized in a similar way in each 
direction. Repulsion, on the other hand, originates in a 
similar electrical arrangement ; but in this case the intermediate 
polarization is not the same in both directions, but subversive. 

LAWS OF ELECTRICAL ACTIONS AT A DISTANCE. 

101. Induction being the immediate source of all electrical 
force, and the great preparatory process upon which both 
attraction and repulsion depend, we should, in any substan-^ 
tial investigation of the laws of electrical action, necessarily 
commence with the nature and mode of operation of these 
inductive changes. Now we have seen (20) (21) (99) that in 
the operation of a charged on a neutral conductor an im- 
pression is first made on the near surface of the neutral body, 
where it calls into action a force opposite in kind to that of the 
electrified body which originated the induction, this new force 
(22) (99) becomes reflected or reverberated as it were upon 
the opposite charged surface, impressing upon that surface what 
may be considered as a new force, similar in kind to that with 
which the body is supposed to be electrified ; in other words, 
it determines a portion of the charge in the line a b, fig. 49, 
of the induction, — for it is important to recollect here, that we 
really know nothing of the actual condition of what we call an 
electrified body, except through the medium of certain other 
bodies which we present to it, or which in some way operate on it. 
What would be the actual state or distribution of the electri- 
city in a charged conductor, supposing it placed in pure space, 
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apart from all disturbing iiifluences, it is really difficult to say ; 
we may certainly infer upon some well-grounded hypothesis 
or theory what it should be, but it is an hypothetical deduc- 
tion after all. Now we have experimental evidence (22) to 
show that the result of the reverberative or secondary induc- 
tion (99) is to determine a given portion of the electricity of 
the charged body to the surface next the neutral body (21)> 
Exp. 15. This then is the nature of the reflected or return 
action. 

We may further infer that a reverberative effect such as this 
being once set up, may continue beyond the first terms, giving 
rise to a second direct and return force, and so on, until the 
action sinks away in rest ; much in the same Way, to use a 
mechanical analogy, as a wave set up in a long narrow tray, 
partly full of water, will continue to flow between the termi- 
nating planes at its extremities, until it vanishes in the general 
level of the surface. 

Murphy, in his valuable mathematical work on Heat and 
Electricity, adopts a view of electrical induction not very 
dissimilar to this, under the title of * Principle, of Successive 
Influences :' he employs it to obtain numerical approximations 
to the state of electrized bodies influencing each other, by 
calculating the effects of 4 or 5 successive acts of influence. 
Professor W. Thomson, also, of the Glasgow University, re- 
sorts to a similar principle, conceiving that in the reciprocal 
adtion between a chslrged and neutral conductor, reflections 
of force are produced within the opposed surfaces, which 
reflections are perpetuated ad infinitum, much in the way of 
optical reflections between two mirrors ; then calculating the 
several effects of these reflections, he endeavours therefrom to 
arrive .at the law of the force in action. 

102. This understood, we will proceed to consider the laws 
and operation of these direct and reflected inductive forces, 
and which may be satisfactorily investigated by the following 
experimental process : 

Let A B, fig. 50, represent two light circular plane discs 
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about 10 inches in diameter, covered 
with metallic leaf and placed parallel 
to each other. Suppose each disc to 
be insulated on varnished glass rods 
M N ; let the upper disc a be ^ed 
and connected with the electrometer, 
as shown in the figure; let the opposed 
disc B rest on a small glass plate, at- 
tached through an insulating rod n 
to a graduated slider, so as to admit 
of being easily ^ 



removed and 
replaced, and 
set atgiven dis- 
tances from A, 
measured from 
the points of 
contact. In 
this arrange- 
ment we have, 
as is evident, 
all the condi- 
tions of the 
Leyden expe- 
riment, and 

full means of examining experimentally the laws regulating the 
inductive action of the discs on each other. 

Exp, 38. Connect the upper disc a with the ground, 
and set the attracting plates fm of the electrometer to a 
given measured distance, say *6 of an inch ; separate the discs 
A B also by a given measured distance, say *4 of an inch. This 
being done, charge the insulated disc b with a given measured 
quantity of electricity by touching it with the knob of a small 
transfer jar electrified to a given amount, or by any of the 
methods already described (94). The result will be that a 
similar quantity will leave the disc a and pass o£P into the 
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ground (64) (65) (42). Now the quantitj of electricity 
which has heen thus displaced from a may he considered as 
the direct induction of b on a. In order to measure this in- 
duction^ remove the wire connecting a with the earth, and 
discharge and remove the plate b ; the electrometer will then 
indicate in degrees the resulting force at the given distance, 
A B, viz. '4 of an inch, in terms of the opposite electricity (53). 
If we repeat this experiment at 8 and 12 tenths of an inch, 
that is, at twice and three times the former distance, we shall 
ohtain the electrical force at these distances in a similar way. 
Now in this case the forces in degrees, as expressed hy the 
electrometer, are inversely as the second powers or squares of 
the distances hetween the plates a b. Hence the respective 
quantities of electricity displaced, are in the simple inverse 
ratio of these distances, heing hy the law of the electrometer 
(88) as the square roots of the forces. The following Tahle 
contains the results of a series of experiments as actually 
ohserved : 



Distance in tenths . • 
Force in degrees . • 
Quantity of induction . 


4 

36 

6 


8 
9 
3 


12 
4 
2 


16 
2 + 
1-5 



It appears then, hy this Tahle, that the direct induced force 
is inversely as the distance, since the distances increasing as 
the numhers 1, 2, 3, 4, the quantity of induction decreases as 
the numhers 1, i, |, j-. It is requisite in this experiment to 
discharge and depress the plate b hefore removing it when 
the distance is small, so that no electricity may pass over. 

If we make the distance hetween the plates constant and 
vary the quantity of electricity, the induction, measured in the 
same way, will he directly as the quantity ; hence the induced 
force is as the exciting electricity directly, and as the distance 
inversely. 

JEap. 39* We have in this last experiment taken the direct 
induction upon the disc a, whilst in a perfectly free or uninsu- 
lated state* Let therefore a now remain insulated^ as showr 
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before, Exp. 39, then the force as shown hy the electrometer 
vnll he only as the simple ratio of the distances directly. The 
reflected force will therefore be in this case in the inverse 
ratio of the square roots of the distances, and will hence 
vary as in the former case, Exp. 39. 

In these last experiments, the disc b being set to the given 
distance, a given measured quantity of electricity may be. 
transferred for each experiment (94). 

103. Such being the laws of these inductive forces, let us 
now see how they may be apphed in ex- w 51 

planation of the law of electrical attraction 
as exerted between electrified bodies placed 
at a distance from each other. In the 
annexed fig. 51, let p represent a charged 
and N a neutral conductor, reciprocally 

attracting each other at some distance, pn, ^ * 

taken as a unit of distance. In this figure d 

let 99 ba taken to represent the direct in- 
duction upon N, and p the return force 
upon the charged body p (101), and sup- 
pose that every particle in p attracts every 
particle in n, and reciprocaUy. 

In this case let all the particles in n = a, and all the par- 
ticles inp = b, then the total force at distance pn=^ I will be 
represented by a x 6 = a 5 ; for the attraction of one par- 
ticle of n to all the particles ofp will be as b, the attraction of 
two particles will be as 2 b, and so pn, until we have attraction 
of all the particles = a, as a b. 

Suppose now we diminish the distance p n, say to the line 
cd = ipn, then by experiments 38 and 40, induced force n 
becomes = 2 n, and return force p becomes = 2/?. In this 
case the total attractive force will be represented by 2 a x 2b 
=z 4ab ==^2^ ab, . For, taking the particles now as double 
particles, a will become 2 a, and b will become 2 b ; then, 
reasoning as before, we have the attraction of one double 
particle of n for all the double particles in p, as 26 of two 
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in the figure, and proceed to charge b with a given quantity 
of electricity, the distance a b heing varied in successive 
experiments as before. In this case the direct induction will 
no longer vary in a simple inverse ratio of the distances, but 
will be in the inverse ratio of the square roots of the distances. 
Thus the distances between the discs a b being adjusted to 
3, 6, 9, 12, the forces by a direct influence on a taken in 
degrees of the electrometer and in terms of the same electri- 
city (20) were 16, 8, 5*5, 4, very nearly — ^being inversely as the 
distances ; the relative inductions therefore, or quantities of 
electricity displaced (88), are, 4, 2*83, 2*35, 2, bdng the square 
roots of these forces. Whilst therefore the distances increase 
as the number 1, 2, 3, 4, the inductions decrease in the pro- 
portion of 1, '7, '6, '5, nearly. 

' Exp, 40. Let the discs a b be separated by a given dis- 
tance, suppose *3 of an inch, and put the disc b in communi- 
cation with the earth, in order to make its capacity for elec- 
trical change the greatest possible (42) ; communicate to the 
'disc A a small measured charge, sufficient to move the index, say 
2 degrees ; under these circumstances place the disc b |it other 
distances from disc a, — as for example, 6, 9, 12 divisions of 
the shde, or twice, three times, &c. the first distance — the 
forces indicated by the electrometer will be as the squares of 
those distances; that is to say, they will be 2°, 8°, 18°, 32°, 
respectively. Now as the quantity of electricity affecting the 
electrometer will be greater, as the return action taken as a 
neutralizing force is less (42), we may take this quantity as 
being inversely proportional to the reflected force ; but the 
quantities of electricity affecting the electrometer will be (88) 
as the square roots of the above forces, that is to say, as the 
numbers 1*4, 2*8, 4*2, 5*6, which are as the numbers 1, 2, 
3, 4. Taking the reflected force, therefore, as being inversely 
proportional to the square roots of the forces, we. see that 
whilst the distances are 1, 2, 3, 4, &c., the reflected forces are 

1. i, h ith. 

71. 4 U If we take the opposed neutral disc b insulated as 
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before, Exp. 39, then the force as shown by the electrometer 
will be only as the simple ratio of the distances directly. The 
reflected force will therefore be in this case in the inverse 
ratio of the square roots of the distances, and will hence 
vary as in the former case, Exp. 39. 

In these last experiments, the dise b being set to the given 
distance, a given measured quantity of electricity may be, 
transferred for each experiment (94). 

103. Such being the laws of these inductive forces, let us 
now see how they may be appUed in ex- _ 

planation of the law of electrical attraction 
as exerted between electrified bodies placed 
at a distance from each other. In the 
annexed fig. 51, let p represent a charged 
and N a neutral conductor, reciprocally 

attracting each other at some distance, pn, ^ * 

taken as a unit of distance. In this figure a d 

let n be taken to represent the direct in- 
duction upon N, and p the return force 
upon the charged body p (101), and sup- 
pose that every particle in p attracts every 
particle in n, and reciprocally. 

In this case let all the particles in n = a, and all the par- 
ticles in j9 = 6, then the total force at distance pn=^ I will be 
represented by a x 6 = a b; for the attraction of one par- 
ticle of n to all the particles ofp will be as 6, the attraction of 
two particles will be as 2 b, and so pn, until we have attraction 
of all the particles == a» as a b. 

Suppose now we diminish the distance p n, say to the line 
cd^ ipn, then by experiments 38 and 40, induced force n 
becomes = 2 n, and return force p becomes = 2p, In this 
case the total attractive force will be represented by 2 a x 2b 
=z 4ab =^2* ab. . For, taking the particles now as double 
particles, a will become 2 a, and b will become 2 b ; then, 
reasoning as before, we have the attraction of one double 
particle of n for all the double particles in p, as 26 of two 
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double particles in n for two double particles in j7, as 2 x 2 b 
and so on up to aU the double particles in^ ; which will be as 
2a X 25 = 2' a 5. Suppose the distance j7 n to be now 
diminished to the line ffh = \pn, then, Exp. 38 and 40, force n 
becomes 3 n, and force j7 becomes 3p; calling all the particles 
in n = 3 a, and aU the particles ia p ^ Sb, we have total 
force =3a x 3b=^9ab=iS*ab, and so on. 

Thus whilst the distances become li i^ ^^ &c,, the forces 
become 1, 2*^, 3^> &c,, that is to say, they increase in the in- 
Terse ratio of the second powers or squares of the distances, 
and become 1,4, 9, &c., — so that at one-half the distance the 
force is 4 times as great, at one-third the distance 9 times as 
great, &c. 

104. This deduction supposes that both the bodies p n are 
in a perfectly free state, and susceptible of the inductive 
changes upon which the forces depend. It may be Terified 
experimentally in the following way. 

Eap. 42. Let the lower disc a of the scale-beam electro- 
meter already de- 
scribed, fig.43 (89), Fig. 52. 
be placed in com- 
munication with 
an electrical jar t, 
fig. 52, exposing 
about 3 feet square 
or more of coated 
glass: set the discs 
a b at some given 
measured distance 
from each other by 
means of the gra- 
duated slide at c, 
suppose *4 of an 
inch ; let the sus* 
pended disc b be 
accurately balanced by weights placed on the scale -pan 
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at p, and connect it with the outer coating of the jar, 
tbrough the metal of the instrument, hj means of a fine 
\irire hung from the arm of the heam and touching the 
upper surface of the disc ; place a given weight in grains in 
the scale -pan p, say 18 grains, and charge the jar with 
measured quantities of electricity, through a unit measure m 
(93) ; find the number of measures required to turn the beam ; 
take this number as a unit of quantity ; let the jar and discs 
be now discharged ; increase the distance between the discs to 
twice the former distance, viz. *8 of an inch. Let 4*5 grains 
only be now placed in the pan p, continue to charge the jar as 
before ; when the same number of measures taken as a unit 
of measure have passed into the jar, the beam will turn 
again. Thus the quantity being constant, the weights equiva- 
lent to the respective forces of attraction are as 4 : 1 , being as 
the squares of the respective distances inversely, which are in 
this case as 1 : 2. If we repeat this process at 3 and 4 times 
the first distance, adjusting the weights in the scale -pan j9 to 
2 grains, or the one-ninth and to 1*25 grains, or the one- 
sixteenth of the first weight, nearly the same result will be 
obtained ; the beam with the same unit of quantity will turn 
at the given distances with the greatest precision. Thus the 
distances being as the numbers 1, -J-, \, j, the weights will be 
as the numbers 1, 4, 9. 16, taking in this case the greatest 
distance as a unit of distance. 

. The student will take care in this experiment not to load 
the scale -pan with a weight greater than equivalent to the 
striking distance of the plates, otherwise the jar will discharge 
across the interval (91). It is further desirable to turn the 
small stop, shown fig. 43, under the arm of the beam, so 
that it may not descend below a given point. 

Exp. 43. Place the electrometer, fig. 42 (88), in connection 
with the system a b, as repreisented fig. 50 (102), Exp. 40 ; 
adjust the discs m/ of the electrometer, e, fig. 50, to some 
given distance, as for example, 2 inches (88). The inde^^ 
being at i^f^ ^ the arc, depress the water vessel until 

F 
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declines a small quantity, say 2 degrees ; chai^ the discs a/ 
with a measured quantity of electricity sufficient to bring the 
index to zero of the scale ; we have then the force of this quan- 
tity at distance 2 inches : under these arrangements lower the 
suspended disc/ an inch by means of the rack and pinion on 
the column of support. The index will then advance, pro- 
bably 10 degrees or more. Let the water yessel be still 
further depressed, so as to bring back the index to iero» we 
have then the attractive force at a distance = 1 inch, whatever 
that force may be : to ascertain this, discharge the electricity 
of the system, and the declination of the index is the force 
in degrees required. Let the system be again charged so as 
to bring the index to zero, and again depress the suspended 
disc / until a less distance is obtained between the discs, sup- 
pose *5 of an inch, or one-fourth the first distance ; continue 
to depress the water vessel carefully, as the index now rapidly 
advances, until the index is again at zero of the arc ; we have 
in this case the force at ^ an inch, which we determine as 
before by discharging the electricity. If we now compare the 
distances with their respective forces, the forces will be found 
as the squares of the distances inversely. Thus the force at 
distance 2 inches being 2 degrees, the force at one inch will 
be 8 degrees ; the force at *67 will be 18 degrees ; the force 
at *5 wlQ be 32 degrees, or at least so nearly so as to leave no 
doubt as to the law which we are seeking. If therefore we 
take the first distance of 2 inches as unity, then whilst the 
distances are 1, i, \, \, the forces are 1, 4, 9, 16. 

A similar result may be arrived at by observing the advance 
of the index, without adjustment, to the zero of the arc, but 
then we must calculate the new distance, if we require a very 
perfect experiment, in the way ab-eady explained (88). 

There is little or no difficulty in this experiment ; all we 
require is great perfection in the insulations (29), an accurate 
and sufficiently deUcate instrument, and careful manipula- 
tion. 

105. It is evident in these experiments that the attracting 
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discs may be considered as being both in a perfectly free state, 
the suspended disc through its connecting wire and the metal 
of the instrument by which it communicates with the earth ; 
the fixed disc by its forming part of the large surfaces of in- 
duction, which the coated systems in connection with it 
supply. In this case, therefore, we may conceive the two 
discs as tending toward each other, by the general laws of 
kiductiye force which we haye just enumerated (102). Let us 
however now take the case in which we may conceive the 
induced forces to be limited or restrained, as shown in Exp. 39 
and Exp. 41(1 02) . Then referring to fig. 5 1 , and a<{opting the 
same notation and reasoning as before (103), when we diminish 
distance pn to one-half, n instead of becoming 2 n is only 
1*4 n, and j9 instead of becoming 2p ib only 1*4 p, since the 
forces are as the square roots of the attraction, as taken in de- 
grees of the electrometer. We have therefore in this case the 
reciprocal force at distance >}■ represented by 1*4 a x 1*4 5 =? 
2 a b. In like manner, at distance \pn, we have the reci- 
procal force represented by 1*73 a x 1*73 ft = 3^6, the in- 
duced forces being still as the square roots of the distances, 
80 that in such a case, whilst the distances are 1, -J-, -}-, &c., 
the forces are 1, 2, 3, &c., that is to say, they are as the 
square roots of the distances inversely. 

This result may be verified experimentally by removing 
the large surfaces of induction a b, fig. 50, with which 
the lower disc of the electrometer communicates, and taking 
the forces between the discs of the electrometer only : one 
or both the discs may in this way have their capacity for 
electrioal charge limited, as exemplified in the following 
experiments. 

iS^. 44. Take the discs a b of the electrometer, fig. 42 
(88), both insulated, charge one a positively, the other b 
negatively, which may be easily effected in the way before 
explained (94) ; the forces taken at different distances, as in^ 
Exp. 43, will be in the inverse ratio of the distances. 
Hxp. 45. Take the suspended disc b uninsulated (88), and 
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charge the fixed disc a either positively or negatively; examine 
the forces at different distances as in the preceding experi^ 
ment, and the same law will be apparent. 

The operator must be careful at the near distances to 
depress the water vessel before communicating the charge, or 
bringing the discs toward eaeh other^, otherwise by a sudden 
impulse the balance will be overset. 

In all these cases of electrical attraction it is quite im- 
material to the conditions of the experiment whether one or 
both the bodies be permanently charged. In the case of both 
bodies being permanently charged^ and with opposite electri- 
cities, then, as already observed (99)> both bodies act similarly. 
In order for the force, however, to vary in the inverse dupU- 
cate ratio of the distances, they must always be so circum-»' 
stanced as to have a large inductive capacity. 

106. Although the laws of electrical force which we have 
thus arrived at are such as commonly appear to obtain m 
the operation of attractive force in electricity, yet other 
laws of force are still possible, and by no means improbable,^ 
under other laws of augmentation in the reverberatory or in- 
ductive actions (101). Suppose, for example, that these suc- 
cessive influences should be such under any possible electrical 
conditions, that induced force n, fig. 51, instead of becoming 
2 n when the distance p n was diminished to ^, should become 
2*8 ra, and p instead of becoming 2p should become 2*8 jp; 
then taking all the particles in n = a, and all the particles in 
|> = 5, as before, wq have the force at distance i represented 
by 2*8 a X 2*8 5 = 8 a i = 2^ a 6, that is to say, when the 
distances are as 2:1, the forces are as 8*1, being as the 3rd 
power, or cubes of the distances inversely. In this way we 
might obtain laws of force aa the 4th or any other power of 
the distance inversely, did such laws exist. 

107. We have in these preceding experiments considered 
the attractive force as operative between limiting plane sur- 
faces, and in opposed points of which' the forces of attraction 
are all equal ; we may, however, from the laws which we have 
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deduced, obtain the law of force as regards bodies of various 
other forms. We will take for example the reciprocal attrac- 
tive force between a chai^d and neutral sphere, a question 
which has engaged the attention of many iig. 53. 
profound mathematicians, as being a phj^ 
sical problem of deep interest. We may in 
this question, upon the principles before 
laid down (100), consider the opposed hemi- 
spheres a b, fig. 53, as being the terminadng 
curved surfaces, or coatings, to the medium 
intenrening between them ; for as we may 
readily infer from the nature of inductive 
actions, and from the general principles of 
coated electrics, the distant or unopposed 
hemispheres have no share whatever in the 
attractive force. Now the attractive force between the op^ 
posite hemispheres a b may be taken as the number of 
attracting points; that is, as the areas directly, and as the 
squares of the distances inversely. Upon this basis, we may 
by a simple mathematical analysis determine two points pp'y 
fig% 53« within the surfaces of the opposed hemispheres, in 
which we may conceive the whole force to be collected, and to 
be the same as if proceeding from every portion of the 
hemisphere. The total force therefore should be in the in- 
verse duplicate ratio of the distances between these points, 
determinable by similar experiments to the preceding, as 

in Experiment 42. The formula is jgr = ^ ^v . r ^ , 

in which a = distance a b, that is, the distance of points a b 
in which the two spheres would touch r = the radius of 
spheres, and z = distance of points of concentration pp 
within the hemispheres. When both hemispheres are equal 
and the distances variable, then we find from the same 

analysis that the attractive force will be as —, r— r> that is, 

•^ a{a + 2r) 

in the inverse ratio of the distance between the near points 
a 5 of the hemispheres = a, multipHed into distance between 
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the centres = a4-2r=cc'.* From the above fonnula it 
appears that the precise position of the points j^y will depend 
on the distance a, that is, on the distance of the near points 
of the spheres, and that the further the spheres are removed 
from each other, the more nearly the points pp' approach 
the centre. 

We may verify the truth of this formula by experiment, by 
means of the arrangement exemplified fig. 52 (104), sub- 
stituting for the plane discs a b two spheres of 2 inches in 
diameter, in which we have r s= 1 inch : these spheres may 
be of wood neatly gilt; the suspended sphere should be 
hollow and light, and may weigh about 200 grains. 

Exp. 46. The experiment being thus arranged, the foilow- 
ing results were obtained. When distance ah was '5, and 
distance of points pp' = 1*11, a weight of 6 grains' was re- 
quired to balance the attractive force, a given measured 
quantity of electricity being communicated to the system. 

When distance ah was increased to 1 inch, or twice the 
former distance, and distance j^y became 1*73, then with the 
same measured quantity of electricity, about 2*5 grains of 
resistance only were required. On increasing distance a 6 to 
2 inches, distance pp' became 2*83, about -9 of a grain, or 
something less than a grain balanced the force. The distances 
and forces will therefore be as follows : 



Distance of points jvj/ 


Ml 


1-73 


2*83 


Distance a d x distance e (/ 


1-25 


3 


8 


Forces in grains 


6 


2-5 


•9 



It will be seen here that the forces are inversely propor- 
tional to the squares of the distances ppl and in a simple 
inverse ratio of the distance ah x into distance e c\ as given in 
the two upper lines of the Table. To avoid a long detail, 
three terms only have been quoted of this experiment. 

* See Transactions of the Royal Society for 1834, p. 240. 
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Eoop, A7. The general result thus apparent may he more 
fully confirmed hy suhstituting for the spheres two light 
circular discs, each exactly equal in area to the superficies of 
the hemispheres a h, or very nearly so, and placing these at 
distances pp\ so as to hnng as it were every point of attrac- 
tion into one plane. If this he done, and the arrangement 
completed as hefore, Exp. 42 (104), we shall ohtain the same 
force hetween the planes as hetween the spheres. 

108. In turning our attention to repulsive forces in elect ri- 
city, we may observe that similar inductions equaUy tend to 
arise in the case of two repellent surfaces, as in that of two 
attractive surfaces, Exp. 17 (23). These inductions, however, 
are subversive of the already existing electrical states, which 
is probably the source of the repulsive action. Kepulsive 
force, therefore, by the agency of electricity, admits of the 
same kind of analysis as that which we have appUed to attrac- 
tive force (103), except that we take the inductive forces in 
the sense of being resisted by the already existing electrical 
states, and consider the bodies as being both permanently 
charged. 

In submitting repulsive forces to experiment hy any of 
the preceding arrangements (104), the opposed discs must 
evidently be both insulated, and the suspended disc 6, fig. 52 
(104), charged with the same electricity as that to be collected 
on the fixed disc a. In such a case as this the arm of the 
balance carrying the suspended disc must be allowed to rest 
on a small stop, fig. 43 (89), and the resisting weights placed 
on it, or otherwise a given measured resistance obtained by 
removing small weights from the opposite scale-pan. In the 
appUcation of the electrometer, fig. 42 (88), to forces of 
repulsion, we charge the discs with the same electricity, by 
means of the quantity jar (94), and determine the forces as in 
Exp, 43 (104), by an adjustment of the index to zero of the 
arc. 

Electrical repulsion being dependent on limited inductive 
capacity and influenced by inductive changes subversive of the 
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already existing electrical states^ will be always open to great 
irregularity and disturbance, so much so that when the forces 
are unequal one of the electricities gives way, and in all cases 
the electricities yield more or less to each other's inductire 
influence (23) ; hence it is by no means an unfrequent occur- 
rence to find two electrified bodies repel at one point of 
distance and attract at another. Supposing, however, the 
resistance equal to the inductions and the opposite electricities 
permanent, then, in cases such as those to which we have 
just referred, the force will be in the inverse simple ratio of 
the distance between the opposed planes. 

109. Cavendish endeavours to show, in his fine Mathe- 
matical Dissertation on Electrical Action, (inserted in the 61st 
volume of the Transactions of the Royal Society,) Prop, v., 
that on the supposition of electricity being an elastic fiuid, the 
mutual repulsion of the particles should be in the inverse dupli- 
cate ratio of the distances ; from which it must follow, that in 
the case of a sphere being charged with electricity, all the fluid 
should be found on its surface, and the action upon any interior 
point be reduced to zero. It was with a view of verifying this 
deduction, that he contrived the beautiful and conclusive experi- 
ment to which we have before adverted, fig. 12 (24), and he 
found the result accord with the theory. If the force had 
been in any higher inverse ratio than that of the square, then 
he shows that the inner globe would be in some degree over- 
charged, — if less, it would be undercharged ; now, by his elec- 
troscope it was neither ; by which he at least proves that the 
repulsion must be inversely as some power of the distance 
between that of the 2 + -^ and that of the 2 — ^th ; so 
that ''there is no reason to jthink that it differs at all from 
the inverse duplicate ratio.*' Mr. Cavendish's theorems are 
all given in a general and abstract mathematical form, appli-r 
cable to any law of force whatever; and are hence easily 
accommodated and appUed to the French theory of two 
fluids. 

110. In the year 1780, soon after Cavendish's 'Memoirs*' 
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had appeared, the celebrated Coulomb applied the poWers of 
his inventiye genius to the investigation of electrical force, and 
foiind by the aid of his torsion balance (86) that two small 
spheres similarly charged repelled each other \inth a force 
inversely proportional to the squares of the distances betweeii 
their centres. Thus the re-active force of torsion (86) at dis-- 
tances 36^ and 18^ were 36 and 144 ) so that with a decrease of 
distance to one-half, the force had increased in the proportion 
of 1 : 4. The electrical inquiries of Coulomb have deservedly 
engaged the attention, as they have challenged the admiration, 
of scientific men: Biot* Poisson, and other of the French 
mathematicians rest their mathematical theory of electricity 
entirely Upon the researches of this distinguished philosopher^ 
In prosecuting this subject experimentally, Coulomb directs 
his attention to the distribution of electricity upon the surfaces 
of bodies, where it is supposed to be confined in a stratum of 
greater or less density by atmospheric pressure, and to exist as 
it were wi^in a hollow vase of air of the form of the body. 
He endeavours to deduce experiment^iUy the general laws of 
this hypothetical distribution, by touching electrified bodies 
with a small insulated carrier plate, termed the 'p^f plane5' and 
which he subsequently transfers to the balance cvf torsion (86). 
This plane^ on removal from the electrified body, is coiks&dered 
as an element of the surface, and to be in all respects identical 
with it : in this way he deduces the law of electrical distri-^ 
bution for spheres, plates, cylindersj and bodies of various 
forms, and the proportion in which a charge is shared between 
such bodies, together with the thickness of the supposed elec- 
trical stratum at different points. This stratum in Cylinders 
and plates is greatest and most dense towards the extremities 
or edges : at the point of contact of two unequal spheres it 
is nothing. In the extreme opposite points the ratio of the 
density increases in proportion to the diminished si2e of the 
lesser sphere, but it never surpasses a given limit. When the 
spheres are separated, the Umit of ratio of the densities of the 
stratum in each is -|. 

F 5 
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111. Although the mathematical and experimental researches 
of the French philosophers in this hranch of physics are un- 
questionahly amongst the highest efforts of genius, yet the 
theory is hy no means so perfect and so fully confirmed hy 
further advances in electricity as to place it beyond the region 
of conjecture. 

tVhat may possibly be that peculiar state of a given sub- 
stance which we term electrified, taken in space apart from all 
surrounding influences, it is, as already observed, extremely 
difficult to say, although it is not perhaps so difficult to assign 
what it would be upon the assumption that electricity is a 
subtle elastic fluid, capable of assuming different states of 
density, and the particles of which repel each other, according 
to a certain law ; still, if electrical phenomena be supposed to 
depend on a repulsive force immediately impressed upon the 
molecules of common matter, then, as must be admitted, it 
is a species of force essentially different from any repulsive 
agency in nature of which we have the least experience. Its 
operation extends through great distances, and is by the 
hypothesis exerted between distinct and concentrated accumu- 
lations of ^p repulsive agency disposed on the surfaces of 
bodies ; and whilst thus exerted at very sensible distances, the 
assumed force between the molecules themselves, at insensible 
distances, is so feeble as to be incapable of expansion when all 
electrical resistance to such expansion by the pressure of the 
atmosphere is removed (3,4). It is besides very doubt^l 
whether any indefinitely thin carrier plate, such as the proof 
plane, can be altogether considered as an element of the surface 
of an electrified body to which it is applied^ — ^whether it fairly 
represents the actual amount of electricity accumulated in 
tluit point ; and if it did, whether the laws of repulsive forces 
are so uniform and invariable with all charges, and at all dis- 
tances, as to enable us to deduce therefrom the ratio of the 
intensities. It is well known that proof planes of variable 
thickness come away charged from the same point of elec- 
trified bodies in different proportions, — the power to take up 
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electricity being entirely determined by the induction of which 
it is susceptible: it can be further shown, that notwith* 
standing the presence of similar or dissimilar electricities, in-> 
ductiye forces tend to arise in two opposed conductors, similar 
to those which would arise supposing one of the bodies in a 
neutral state, — thereby, with certain charges and at certain dis- 
tances, decreasing the amount of the repulsive force, and dis- 
turbing the law of action: all question of the accuracy of 
deductions, therefore, upon the eyidence of the proof plane, is 
not altogether unpardonable ; nevertheless, the beautiful me- 
moirs of the French philosophers, and of Coulomb especially, 
upon this branch of physics, will be always regarded as among 
the most splendid efforts of genius and intelligence. 

LAWS OF ELECTRICAL CHARGE. 

112. The quantity of electricity which may be disposed 
upon insulated conductors of various kinds, form, and dimen- 
sions, under the same degree of divergence of an electrometer 
(85), was conveniently enough expressed by Cavendish by the 
term charge. Imagine, for example, a sphere, a cylinder and a 
circular plate to be charged with electricity, and that an elec- 
trometer (85) being applied to each in succession, stood at the 
same angle of divergence ; then the actual quantity of elec- 
tricity in each of these bodies is termed their charge^ and is 
very different in the three bodies, even although the superficial 
area may be the same, or nearly so. 

In treating this question, we have to determine first the 
effect of different quantities of electricity disposed on the same 
surface, and the effect of the same quantity on surfaces of 
greater or less extent. 

When different n^easured quantities of electricity are dis- 
posed on the same surface, the forces, as indicated by an 
electrometer, wiQ be as the square of the respective quantities. 

Eisp, 48. Connect the plate b, fig. 50 (102), with the 
^ound, and separate the two plates ab by a. given distance, 
suppose '4 of an inch ; connect the upper plate a with the 
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electrometer; set the attracting discs mf also at a given 
iheasured distance from each other, suppose '5 of an inch j 
charge the insulated plate A in successive experiments with 
different quantities of electricity (94), the march of the 
electrometer will he as the squares of these quantities ; that is 
to say, with ttrfce the quantity of electricity the force will he 
four times as great ; with three times the quantity, nine times 
as great, and so oil, which is the law already alluded to (88) 
&9 affecting the instrument. The same result may be ob- 
tained by means of a simple insulated plane or other con- 
ductor> K, fig. 42 (88), placed in connection with the lower 
disc A of the instrument. 

Exp, 49, Let this experiment be repeated with the scale- 
beam electrometer, fig. 43 (89), according to the arrangement 
before described (104). The plates being set at a given dis* 
tance, the beam will turn with weights which are to each 
other directly as the square of the number of measures thrown 
On the jar. 

This law of quantity is apparent in the operation of the 
induced forces we have just considered (103), in which it 
will be seen that the force is always as the square of the 
induction. Tims, Exp. 42 (104), when the induced force is 
as the numbers 1, 2, 3, &c., the total or reciprocal force is 
1, 2^, 3^, &c. ; so that the law of the attraction may be as 
t^ell said to vary as the square of the induction directly, as 
with the squares of the distances inversely* If we adopt, 
therefore, the same form of notation and reasoning as before 
(103), we shall arrive at precisely the same result, since 
instead of varying the distance, we vary the quantity of elec- 
tricity. 

113. The Hon. Mr. Cavendish, as appears by his most 
valuable and interestmg manuscripts, had anticipated thin 
result so long since as the year 1772, and verified it in the 
following ingenious Way, which, considering the state of ex- 
perimental electricity at the time he wrote, is very charac- 
teristic of his great powers of philosophical research. 
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Fig. 54. 
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" If two bodies,*' he says, " a and B, placed near each 
other, be connected to the same Leyden jar, and the quantity 
with which the jar is electrified is varied, then the force with 
which A and B repel each other ought by the theory (36) to 
be as the square of the quantity of redundant electricity in the 
jar, supposing the distance of the bodies to remain unaltered. 
In order to try this, I made use of the following apparatus s 
A metallic rod c d, fig. 54, about 43 inches long, is supported 
on insulators p q ; 
at the extremities 
CD are suspended 
two electrometers 
(85) ; A and b are 
two electrical jars, 
which, for the sake 
of brevity, we will 
consider as being 

precisely equal and similar in all respects: these jars arc 
placed on a conducting base communicating with the ground ; 
one of them, a, touching the metalhc rod CD. I first 
compared electrometer c with electrometer d, without either 
being loaded with weights (85), and found that when the 
jar A was electrified to such a degree as to make d sepa^ 
•rate 12' 5 divisions of its scale, electrometer c separated 
13*7 divisions. I then put weights into electrometer d, and 
again electrified the jar A Until d again separated 12*5 di- 
visions." A communication was now made between the 
charging rods of the two jars, so as to divide the electricity 
between the two jars (69) ; electrometer c now separated 13*7 
divisions as before. Now *' it appears by the first part of the 
experiment, that the same degree of electrification which 
made c separate 13*7 divisions, makes d without the wires 
separate 12*5 divisions ; so that when the electricity is shared 
with the uncharged jar b, the- remainder in jar a will be of 
that degree of strength requisite to make the same electro- 
meter D, without the wires, separate 12*5 divisions, as at firsts 
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before the electricity was divided. But if the jars be equal, 
the quantity of electricity in the rod c b, and electrometers, 
and in the jar in communication with them, will be only one- 
half what it was before ; and as the quantity spread over the 
rod and electrometers is comparatively small, we may consider 
the original quantity as being equally divided between the jars. 
It appears, therefore, that the distance to which the elec- 
trometer d separates, when loaded with the wires, and acted 
on by a given quantity of redundant fluid in the phial, is very 
nearly if not exactly the same as that to which it separates, 
without being loaded with the wires, with only half the 
quantity of electricity in the phial." Now the weights placed 
in the electrometer (85) were such as to increase the force, 
tending to close the reeds when diverging at a given angle, 
in the proportion of 3*9 : 1 ; that is, as 4 : 1, very nearly ; 
hence " the force with which the balls of the electrometer are 
repelled with a given quantity of redundant fluid in the phial, 
is to that with which they are repelled when there is only 
half that quantity in the phial, as 4 : 1, that is to say, as 
the squares of the quantity of redundant electricity, or very 
nearly; hence the experiment agrees very well with the 
theory." 

114. Law of charge as regards surface. — ^When the same 
quantity of electricity is disposed on surfaces of variable extent, 
the force will be in the inverse dupHcate ratio of the surface ; 
that is to say, the same quantity of electricity disposed on 
twice the surface only evinces one-fourth the attractive force : 
this is evidently a necessary result of the preceding law; 
it is, in fact, virtually the same law: for imagine that in 
Exp. 48 (112) the charge were disposed on twice the extent 
of surface, then there would be only half the quantity of elec- 
tricity in any one point, and the discs a b may be considered 
as being charged with only one-half the electricity : but in 
this case the electrometer force would be reduced to one-fourth, 
since, by the preceding experiments, it is as the square of the 
quantity. , 
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This law admits of verification by experiments similar to 
the preceding^ the only di£Perenee being that we vary the sur- 
face and keep the quantity constant. 

115. We may here take occasion to notice one or two 
interesting features in this law of electrical charge, as regards 
simple insulated conductors, of no small importance. Volta 
has long since observed, that extension in length increases the 
capacity of a conductor for electricity ; or, in other words, that 
the charge, say of a plate 1 foot square, will be much less than 
the charge of a plate 2 feet long by 6 inches wide, although 
each contain the same amount of surface. The author has fur- 
ther shown in the Transactions of the Royal Society for 1834, 
that the charge of insulated plates will also depend on the peri- 
meters as well as the surface ; so that to obtain a double charge, 
the electrometer being the same, we must not only double the 
surface, but place the surface under such a rectangular form as 
shall also give twice the perimeter. To obtain a treble charge, 
we must have a treble surface and three times the perimeter, and 
so on, which is the law for the transfer plates before alluded 
to (94) . Now although it may be inferred from this that the 
increased capacity would result from an increase of hnear 
boundary, yet such is not the case; the same plates turned 
into cylinders or hollow bodies of other forms evince the same 
capacity. Thus the charge of a sphere does not di£Per from 
that of a plane circular area of equal surface. This law of 
electrical charge, therefore, is Hkely to depend, as suggested 
by Volta, on the particular grouping of the electrical forces or 
particles in the several cases. Thus if, as in the annexed 
fig. 55, we take a plate a, 
4 inches square, and di- ^8f- 55. 

vide it by cross lines into 
sixteen square parts, the 
grouping will be very dif- 
ferent from that of a plate 

B, 16 inches long and 1 inch wide, divided also into sixteen 
square parts. The least charge, therefore, of a given surface 






B 
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will be tinder the form of a circular plate^ the greatest under 
that of a rectangle of very small breadth. 

These laws, so far as the inquiries extend, apply only to 
simple insulated conductors : in the case of coated surfaces in 
which the charge is mainly dependent on the induction of an 
approximative conductor, a similar result may not be obtained. 
The experimental investigation with simple insulated conduc- 
tors may be readily pursued by means of the quantity jar (94) 
and the hydrostatic electrometer (88). 

116. Cavendish, as appears from his manuscripts, examined 
the' law of charge for various bodies of different kinds and forms 
by a method peculiarly his own. In effecting this he employed 
an insulated plane, the surface of which could be extended or 
contracted by a given measurable amount. He says, " the 
method I took in making these experiments was by comparing 
each of the two bodies I wanted to examine, or a and b, as I 
may call them, with a third body, and which I shall call the trial 
plate. In this manner I took two Leyden phials and charged 
both of them from the same conductor. I then electrified b 
positively by the inside of one of the phials, and at the same 
time I electrified the trial plate negatively by the coating of 
the other phial. Having done this, I tried whether the re- 
dundant fluid in B was more or less than sufficient to satu- 
rate the redundant matter in the trial plate, by making 
a communication between them. If the redundant fluid in n 
was more than sufiicient, both should be overcharged after the 
communication: on the other hand, if not sufiicient, they 
would be undercharged. In this way I found what size the 
trial plate must be to saturate the redundant fluid in b. I 
now tried the body I call a in the same way, and if I found 
that it required the trial plate to be of the same size, in order 
that the redundant matter in it should be just sufficient to 
saturate the redundant fluid in a, I was well assured that each 
would contain the same quantity, and that the charge of a 
would equal the charge of b." 

The limits of this work do not admit of any particular 
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detail of the ingenious experiments of this profound philoso- 
pher and mathematician ; the following, however^ are a few of 
the most striking results at which he arrived : 

1 . The particular position of a body has no influence on its 
charge, which is the same in aU positions. 

2. The charge is independent of the nature of the sub- 
stance, provided it be similar as to form and expose the 
same surface ; thus the charge of a square foot of freestone is 
the same as that of a square foot of wood or metaL 

This fact was also made evident by the French philosophers s 
Coulomb found that an equal division of electricity took place 
between insulated conductors of equal surface and similar 
form, without regard to the kind of substance of which they 
consisted. 

3. The charge of a thick plate is greater than that of a 
thin plate, and is equal to that of a very thin plate whose 
side exceeds that of the thick plate by about 1 + ^ its thick- 
ness. 

4. The charge of a circular plate is to that of a globe of the 

ft 

same diameter as 12 : 18|-. 

5. The charge of a square plate is to that of a circle whose 
diameter equals the side of the square as 1*53 : 1. 

6. If two hollow globes be placed concentrically one within 
the other, but not touching, and the outer globe communicate 
vnth the earth, then if we charge the inner globe by a con* 
ducting rod passing through the outer but quite insulated 
from it, "the quantity of deficient fluid in the outer globe 
will be equal to the quantity of redundant fluid in the inner 
globe, and the quantity in the inner globe will be to that 
which it would contain if the outer globe were away as semi- 
diameter of the outer globe is to the distance between the 
two globes." 

7. If in the middle of a spherical room, 16 feet in diameter, 
we suspend a globe 1 foot in diameter, the charge of this 
globe should be increased in the ratio of 16 : 15, by reason of 
the undercharged surrounding surface* 
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It is not a little remarkable, that in the course of these 
inquiries Cavendish notices the difference in the charge of 
different electrical bodies coated with metals, especially the 
different kinds of glass; thus coming as near Faraday's modem 
discovery of specific electrical inductive capacity (22) as may 
be. ** There is," says he, " a sensible difference in the charge 
of plates of the same dimensions, according to the different 
sorts of glass they consist of.'* And again, " The charge of a 
lac plate is much less in proportion to its computed charge 
than that of any glass plate ; a plate of bees' -wax, or of the 
mixture of bees'-wax and resin, still less : as the difference 
seems to be greater than could well proceed from the elec- 
tricity not being spread uniformly, I am inclined to think that 
it must be partly owing to some difference in the nature of the 
plates/' (22.) 

117. These inquiries are calculated to elucidate many phe- 
nomena of electrical action of much practical value. Thuis in 
the operation of Lane's Discharging Electrometer, fig. 44 (91), 
we find that the quantity of electricity accumulated will be 
directly as the distance of discharge between the balls ; that is 
to say, between the two most prominent points from whence 
the discharge proceeds ; a law which admits of the following 
demonstration. Call the attractive force between the dis- 
charging points at the instant of discharge over a given dis- 
tance unity or 1, and suppose the balls of the dbcharger to be 
now separated by twice the previous distance, then with the 
same previous accumulation the discharge could not now 
occur ; the force of attraction between the discharging points 
being now only one-fourth the previous force (104), because 
it decreases as the square of the distance increases. Suppose 
now that we accumulate twice the quantity of electricity in the 
jar, then the force of attraction will become four times as 
great (112), since it is directly as the square of the quantity ; 
that is to say, it will' be four times one-fourth, or unity, as at 
first. In this case, the discharge will occur again, since the 
resistance of the w is constant for all distances, and we have 
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only to obtain a force of attraction in the discharging points 
somewhat greater than the resistance to be overcome^ let the 
distance be what it may. Since, therefore^ double, treble, &c. 
quantities of electricity develop attractive forces which are as 
the squares of these quantities, we exactly compensate the loss 
of force arising from a reciprocal increase of distance. 

This law may be verified experimentally by charging a ktrge 
jar 8, fig. 44 (91), through the small unit measure, fig. 46 
(93), the large jar being fitted with Lane's Electrometer, as 
shown in the figure. Then if we set the balls of the dis- 
charger to given measured distances, the number of unit 
measures requisite to produce dischai^ will, if the experiment 
be carefully performed, be exactly as those measured distances, 
or very nearly. Thus if ten measures produce discharge at a 
distance of two-tenths of an inch, twenty measures produce 
discharge at four-tenths, and soon. 

118. The arrangement represented in fig. 50 (102) is 
directly applicable to a perfect analysis of the law of electrical 
accumulation in the Leyden jar, involving essentially the con- 
ditions of induction. 

1°. Imagine for an instant that whilst the insulated plate a 
is charged with a given quantity of electricity, and at a given 
distance firom the free plate b, the electrometer £ indicates a 
certain number of degrees, say 16 degrees, it were possible to 
increase the area of these plates a and b, say to twice the 
amount ; then the same chai^ being disposed over tvnce the 
surface, the electrometer would only indicate 4 degrees (114). 
Imagine then with this increased or double extent of coating, 
and the electrometer at 4°, we now proceed to double the 
quantity of electricity; we should, Exp. 48 (112), bring up 
the electrometer to 16°, as before. Hence the charge which 
can accumulate under the same degree of attraction or elec^ 
trometer indication, is as the opposed areas directly ; so that 
if the area and quantity of electricity vary together, the eleo- 
trometer will remain unchanged ; and hence, as is found to be 
the case, a given number of degrees of an electrometer may 
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tnth electrical jars of different magnitudes represent any 
aOcumulation whatever. 

2^. Imagine that with a given distance between the plates 
A B, and a given quantity of electricity, and whilst th6 force 
evinced by the electrometer is a given number of degrees^ say 
4 degrees, we had increased the distance of the plates $ 
suppose we had doubled it> then the attractive force between 
these plates would become reduced to one -fourth (104)» 
Imagine now that the quantity of electricity is doubled also; 
then the force between the plates a b would be the same 
Bs before, since it varies with the square of the quantity (112). 
Hence the accumulation between two coatings is, under the 
same attractive force exerted between them, directly as their 
distances apart. Now all this time the indications of the 
electrometer e connected with the charged plate a are directly 
as the square of the accumulated quantity and the square of 
the distances between the plates, Exp. 49 (112), and Exp. 40 
(102). If then with the quantity unity or 1, we suppose the 
distance between the plates to become twice as great, the elec- 
trometer action will be 4 times as great ; that is, if it before 
indicated 4 degrees, it will now indicate 16 degrees (102) t 
suppose at this instant we could take away one-half the elec- 
tricity, the electrometer would then evince the same action as 
at first, that is, 4 degrees (112). 

Hence it follows, 1°, that the charge which accumulates 
under a given number of degrees of the electrometer con- 
nected with the charged side, is as the surface directly, and 
2°, as the distance between the opposed plates inversely, that 
is, inversely as the thickness of the intermediate electric 
substance, all other things being the same. 

119. These results are in complete accordance with the de- 
ductions arrived at by Cavendish by a very different and totally 
distinct method of inquiry, so long since as the year 1775. He 
states, in the 66th volume of the Philosophical Transactions, 
that " the quantity of electricity which coated glass can receive 
under the same degree of electrification is as the area of the 
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coating directly, and as the thickness of the glass inversely." 
But the conditions of the two plates a b, fig. 50 (102), are 
precisely those of the Leyden jar, the only difference heing in 
the dielectric medium, which in this case is air instead of 
glass; and although Faraday has shown that in respect of all 
such media there are differences of inductive capacity (22), 
yet for the same medium the specific inductive capacity is 
constant, and consequently the laws of electrical accumulation 
and attraction, as determinahle in that medium, would not he 
far different from the laws in any other medium, 

120. Tensimi and Intensity, — It may he proper, hefore 
closing our remarks, to advert to two terms frequently em- 
ployed in Electricity, and which have giyen rise to some 
considerahle discussion as to the sense in which they are to he 
received ; these are the terms tension and intensity. Now with 
respect to the signification of such terms, inasmuch as they 
are abstractedly considered as mere signs of ideas, they may 
be taken to represent any previous definition we may think 
proper to assign to them. Their particular and direct appli- 
cation, however, to the representation of electrical actions, 
is tolerably clear and determinate. 

The term tension, in its general acceptation, applies to the 
case of re-active or resisting force, however derived, whether 
to the re-active force of an elastic fluid, such as air heaving out 
under compression, or to the re-active force of a strained or 
twisted wire, as in the instance of a stretched musical string, 
or a wire employed in a balance of torsion (86). In either 
instance there is a force set up in these bodies by which they 
tend to recover their normal state; and the amount of this 
force is virtually the tension or degree of suffering to which 
they are exposed. If we conceive, therefore, for an instant, 
according to the French theory, that electricity is a certain 
force exerted by an elastic fluid, capable of compression, then, 
like any other elastic fluid, such as steam or air, it would 
exhibit a certain amount of tension or re-active power ; and 
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this would be as the density or the number of particles 
confined in a given space : such would be the signification of 
the term electrical tension taken in this sense. 

But the term may be also and equally well applied to the 
condition of polarized molecules of a dielectric interposed 
between two limiting conductors, as represented in fig. 49 
(99), and to the state of induction generally. In this case it 
expresses the re-active force of the particles constrained to 
assume a new condition in their electrical relations, and the 
amount of suffering they endure in their forced deviation from 
their normal state. The higher the companion and separated 
powers are exalted, the greater will be the degree of tension 
which they endure. In a similar way, the lateral or transverse 
force of dilatation upon the representative line of induction is a 
kind of lateral tension or stretching of these forces, tending to 
throw the particles asunder, all of which may be conceived to 
increase up to the limit of the power of endurance : all this is 
fairly expressed by the general term tension, and which terin 
thus becomes representative, either of the particular condition 
of the electrical agency itself, or of the re-active state of the 
molecules of a dielectric when charged by induction. 

Now the term intensity, although of the same class, is still 
of a somewhat di£Perent character from tension; it rather 
applies to degree or amount of resistance : it would be no 
superfluity of language to ^ak, for example, of the intensity 
of the tension, as indicative of its greater or less amount in 
degree ; just as we say, the intensity of the heat of the sun, 
the intensity of Hght, &c. In its apphcation, however, to 
ordinary electrical phenomena, it has a proper and marked 
position assigned to it, being peculiarly expressive of the 
activity shown by an electroscope or electrometer as indicating 
the attractive force of a charge upon external bodies. Thus 
the charge communicated to a jar or battery may be taken in 
terms of the quadrant electrometer, or any other indicator, in 
which sense we speak of the jar being charged to a given 
intensity ; but what renders this term as particularly neces- 



TENSION AND INTENSITY. 143 

saiy and distinctive^ is the fact that this activity or intensity is 
as the square of the quantity of electricity accumulated (112); 
whereas the tension or force on the dielectric particles actually 
constituting the charge itself between the limiting conducting 
surface^ is as the quantity only, as is also this tension of the 
electrical agency itself when restrained to a given space. In 
the case of charged glass or other dielectric, the electrometer 
indicates the activity of the uncompensated electricity, or the 
free action, as it were, of the charged surface. This is one 
thing; but the tension or degree of power in the molecules of 
the intervening dielectric, tending to break down the induction 
by a species of mechanical violence, as in the case of a 
fracture of a charged jar, is another; and hence the two 
terms, tension and intensity, are under these limitations fairly 
and distinctly separable. 



V. 

ON ELECTRICAL DISCHARGE. 

Various Forms of Discharge — Laws of Disniptiye Discharge — Length of 
Electrical Spark — Influence of Pointed Bodies — Brush and Glow Dis- 
charge — Theoretical Views of Disruptive Discbarge, and the Action of 
Points — Convective Discharge — Discharge by Conduction — Theory of 
the Action of Conducting Bodies. 

121. The return of a charged system of electrics and con- 
ductors (61) to its normal or quiescent state constitutes 
electrical discharge^ and is a phenomenon directly opposed to 
insulation : this return may be e£Pected in various ways^ gi^^g 
rise to very different effects, and constituting different kinds of 
discharge. 

The most palpable and violent form of electrical dischai^ is 
that which has been termed disruptive diachargey in which 
the particles of the intervening dielectric become more or less 
displaced, and the electrical polarization of the molecules, 
fig. 49 (99)> is raised to a degree past endurance ; so that the 
forces re-combine with a sort of convulsive effort, causing a 
sudden extrication of light and heat, and an almost irresistible 
expansive power. The common electrical spark, as drawn 
from the conductor of the electrical machine, and the dense 
concentrated explosion of the Leyden jar, between the balls of 
Lane's electrometer, fiirnish good illustrations of this form of 
discharge. Now, it is of little consequence to the immediate 
result, whether this take place either directly between the 
limiting conductors of the system, as in the case of the 
breaking down the intermediate dielectric medium itself, or 
whether it occur in some other direction between these 
limiting conductors, as in the case of an exterior circuit, such 
as is produced in applying a discharging rod to the discharge 
of the electric jar. In either case the polarized conditions of 
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the inteirening glass Tanishes, in ooBsequenoe of the neutrali* 
zation of the forces sustaining the induction. In the case of 
the exterior circuit, the return of the intermediate dielectric 
molecules to their normal condition is generally e£fected with* 
out any violence ; hut even here we find an occasional paitici* 
pation in the mechanical eflfeot hy which the jar, at the instant 
of the discharge is, as it were, forcibly penetrated in some 
point between the coatings, and a fracture is the consequence. 

122. The laws of disruptive discharge are marked and deci- 
sive. If the insulation immediately between the timiting con- 
ductors sustaining the induction be sufficiently powerful, and 
the electrical forces allowed to determine their own path of 
discharge in some other direction, and m which the insulation 
is not equal to restrain them, thai discharge ensues in that 
direction ; and its course will be determined through a line or 
lines in which there ia the least resistance, that is to say, in 
which there is the least amount of insulating power : thus, if 
n coated pane or jar, charged to a high intensity, be so cir- 
cumstanced as to discharge, as it were, through a fortuitous 
circuit of electrics and conductors more or less perfect, the 
discharge will find out for itself a path of least resistance, 
seizing upon some bodies and avoiding others, according as 
such bodies happened to be convenient, or in any way useful 
in facilitating its progress, — a result arising as a necessary con* 
sequence out of the principle of induction, which ranges the 
tension (120) in a determinate way throughout the whole line 
or lines of discharge, and by exalting the electrical state of 
the particles in that line or Hues beyond the tension of the 
adjacent particles, determines the course of the action ; and 
this it IS which gives to electrical discharge, as it were, a sort 
of fores^ht, or faculty of perception, of the easiest course to 
be followed. 

The following are instructive and important mechanical 
^lustrations of this result ; 

E<Bp, 50. Let some detached fragments ofleaf gold, ahcdj &c., 
A, fig. 56, be laid down: on paper in any casual and convenient 

6 
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way, producing with the paper a detached series of had and 



Fig. 56. 




good conductors : charge ahout 10 
square feet of coated glass, and 
having placed the extremes p n 
of the series between the wires 
of the universal discharger (76), 
allow the charge of the battery to 
find its path across the interrupted 
circuit: the result will be as repre- 
sented in fig. 56, B. Portions of 
the leaf gold, unable to withstand 
the disruptive effect of the shock, 
will be burned up, thereby show- 
ing the course of the discharge; 
and it will be perceived by the 
black portions in the figure, copied 
from an actual experiment, that the 

Hue of inductive force vhdefg km is the least resisting line 
between the points f n. It is here remarkable that not only 
are the fragments c k untouched, being, from their relative 
position, of no use in facilitating the progress of discharge, 
but even portions of the remaining pieces are also left out, 
and we have only the pieces h n totally destroyed, as being 
in all their parts completely essential to the course of the 
induction. 

123. The distance through which disruptive discharge is 
obtained, as between two discharging balls or other conductors, 
has been called the striking distance. This striking distance, 
or length of spark, is very variable and very dependent, not 
only on the intensity of the charge, but on the form of the 
conducting bodies : the larger the conductors, the greater the 
electrical charge required to pass through a given distance.; 
for in this case, as before remarked, the intensity is diminished 
in the inverse ratio of the square of the surface (114). Now it 
is by exalting the intensity of the discharging point that the 
greatest length of spark is obtained: sparks from electrical 
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machines are obtained of 10 inches or a foot in length, in rapid 
succession, amounting to a current. In this case it is usual to 
affix a ball of about 2 inches in diameter to the conductor, 
so as to project 3 or 4 inches from it, and then to present 
a large ball to* this, either connected with the earth or with 
the opposite conductor. By crowding, as it were, upon the 
small ball the inductive influence of the large ball, all the lines 
of which terminate upon it, and at the same time collecting 
upon this ball, as a point of discharge, a large proportion of 
the electricity of the conductor, the intensity of the small ball 
is greatly exalted, and it strikes through a longer distance, 
producing, by the resisting intervening air, a crooked or zig- 
zag spark. The striking distance of the electrical discharge in 
the case of a single electrical jar is usually confined to extreme 
distances of about an inch : by the peculiar arrangement, how- 
ever, of a series of jars in the way shown in fig. 36 (66), a 
long striking distance is obtained between the outer coating of 
the last jar and the knob of the first. Dove, at a meeting of 
the Royal Academy of Sciences at Berlin, in June, 1847, 
showed that the length of the spark by this succession of 
positive and negative surfaces varies with the square of the 
number of jars. Mr. I. Baggs, also, in a communication to 
the Royal Society, in January, 1848, describes a method of 
charging and placing the jars by which a disruptive spark 
of unusual length and brilhancy is easily produced. In this 
experiment the jars are each charged separately and to the 
same intensity, then quickly placed in series of positive and 
negative surfaces, very near, but not so as to touch. 

124. The character of these disruptive sparks or flashes 
depends almost entirely on the form, area, and electrical inten- 
sity of the discharging surfaces, as also on the kind of elec- 
tricity on the conductor in which the spark originates. If we 
present a large smooth uninsulated metallic ball, of about 3 or 
4 inches in diameter, to the rounded prime conductor of a 
powerftd electrical machine, — short, brilliant^ and perfectly 
strught sparks will pass between them, accompanied by a 
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aharp Bnapping Bound, bat the ball must be brou^t near tbe 
conductor. If the same ball be presented to the negative cod- 
dnctor, the sparka vill be far less powerful and dense ; they 
will become small and of a pointed (jiaracter. If we now 
attaeh a smaller ball to the piime conductor, of about an inch 
or a Uttle more in diRmet«r, allowing it to project about 
3 inches into the air, and present tbe large ball to this, much 
longer spuka are obtained, but less brilliant than before, and 
of a crooked or iig-«ag form. In transferring this experiment 
to the neg^ve conduotor, tbe length of the spark is very con> 
sidwably diminished ; frequently it will not be above on&- 
sizth of tbe length. I<ong sparks produced AxHn the prime 
conductor in this way, or by the arrangement of jars just 
dearaibed, will be a loot or more in Iragth i they ar« attended 
by lateral branches or divergences, ^requeotly of a violet colour, 
presenting to the eye an extremely beautiful appearance. Tlw 
annexed $g. 57 may be taken f« represent this kind of dis.> 

Kg. 57. 



ruptive spark, and which, especially in the long disohazge by a 
series of jars, is very imitative of what has been termed /«■*«< 
lightning. 

Electrical sparks are more brilliant between good ooaductors 
than between imperfect or less perf^t conductors : hence 
metab ue almost exclusively employed in cases where long 
or brilliant short sparks are required. It has been proved 
both theoretically and eEperimentally that the actual force m 
operatiui between the dischaipng surfaces at the instant &t 
disruption is the same for aU distances (117); the itduenoe of 
distance is only to vary the quantity of electricity requisite to 
produce a given force equivalent to cause a disruptive spark at 
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that distance, but it does not affect the actual force at the 
instant of discharge. 

125. If^ttenee of pointed bodies, and action of poiwU in 
modifying disruptive discharge. — When wecontinue to diminish 
the extent of surface originating a disruptive spark, and finally 
aniye at a small termination or point projecting freely into 
the air, most important and yeij curious results ensue : in-^ 
stead of a brilliant explosion, stars and brushes of light appear 
to arise or settle on the points, attended by currents of wind> 
whilst the distance at which very small balls or points are 
observed to be afifected is in many cases considerable: thus, in 
the instance (^ ^ great machine at Haarlem (48), a p(»nt ap- 
peared luminous at the distance of 28 feet from the conductor. 
If a short brass rod with a rounded end project from the prime 
conductor of a powerful machine, it will send out a full brush 
of luminous electrical rays, especially on presenting to it a flat 
imperfect conductor; and if a small ball be substituted for 
this projecting point, its surface, if the machine be powerful, 
will present a sort of phosphorescent luminous gbwj apparently 
covering the whole surface. Faraday considers both these 
phenomena as variations of disruptive discharge, and has not 
inaptly termed one, brush discharge, the other, gUnio discharge. 

126. Although both brush and glow discharge have been 
pretty nearly identified as to cause, and as being derived from the 
same electrical source, yet under ordinary circumstances they 
are in appearance totally distinct, and have a striking relation to 
the kind of electricity producing them : thus, according to the 
Franklinian theory, when electricity passes off a point, it is 
generally productive of brush discharge. When received on 
a point, the appearance is that of a glow or star or pencil 
of light. 

Brush discharge commences, as in the annexed figure 58, 
in a short conical brush root, which terminates in pale 
quivering ramifications, attended, when the discharge is 
powerful, by a subdued roaring sound : this has been shown 
by Wheatstone to be due to a number of small distinct 
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and successiye explosions : they may be con- Kg- 58. 
sidered as an intermitting series of short 
sparks between metal and air, or between 
any good and bad conductor. The discharge 
always commences at the root of the brush, 
and is complete at the point of the conductor 
before more distant particles of air arrive at 
the same degree of tension : hence the dis- 
charge is progressive. 

Glow discharge, on the contrary, is a more quiet and almost 
perfectly continuous result, depending on the charging of 
portions of air in contact with the surface of discharge. 
By diminishing the pressure, the glow can be caused to 
pervade a large extent of surface. Brass balls of 2 inches 
in diameter will become covered with a luminous glow when 
exposed to the action of a powerful machine under a reduced 
atmospheric pressure of about 5 inches of the mercurial 
gauge. The essential difference between brush and glow 
discharge appears to be in the kind of action upon the particles 
of the dielectric medium. In the brush discharge, these- 
particles are operated on by a momentary intermitting action, 
whereas the glow is a constant renewal or permanence of the 
same action without stop. In either case the particles of the 
air or other dielectric in contact with the conducting surface 
continue to be charged, their electric tension being highly 
raised. We may by certain artificial arrangements convert the 
one into the other : any circumstance which tends to facilitate 
the charge of the air, and preserve at the same time the degree 
of tension of the dielectric particles, produces glow ; whereas by 
resisting the charge of the particles so as to favour previous 
accumulation, and a consequent sinking of tension by dis* . 
charge, we produce intermissions or brush ; — thus rarefaction 
of the air, or the presentation of a pointed conductor, favours 
ghw; whereas condensation of the air, and the presentation of 
large surfaces, will convert the glow into a brush. 

127. Franklin first noticed the influence of pointed con- 
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ductors on electrically charged bodies ; he showed, that when 
presented to them, their charges became dissipated even at 
Cimsiderable distances, and with surprising rapidity. He 
charged an iron shot about 4 inches in diameter, and observed 
that on presenting to it an uninsulated pointed needle^ its 
attractive force on a small thread immediately ceased* He 
further observed that this influence of pointed bodies was 
also exerted when projecting from the charged body itself: 
the chaise became rapidly dissipated by the projecting point ; 
at the same time a current of aerial particles set off from the 
point, capable of impressing motion upon light models movC'* 
able upon a central axis, and fitted with vanes. This current 
has been termed the dectrieal aura or gale. The re-active 
force of this current upon the point itself, and from which it 
appears to flow, is so great as to give the point motion in a 
reverse direction when free to move. The following experi- 
ments are very illustrative of these, curious and important fiicts*. 

Expn 51. Place an uninsulated metallic ball vrithin about 
2 inches of the prime conductor of an electrical machine, 
and whilst a series of strong sparks continues to pass upon 
it, present a pointed vdre to the conductor ; the spu'ks will 
instantly cease, even when the point is at more than twice the 
distance of the ball from the conductor, where it will in the 
dark appear as a star of light. 

Exp, 52. Attach the pointed vdre to the prime conductor 
itself^ sparks can be no longer obtained upon the uninsulated 
ball, whilst a divided brush of rays will appear to issue from 
it, and the electrical effect vnll be transmitted to a point at a 
stiU greater distance. Fig. 59. 

Exp, 53. Fix a series 
of card-paper yanes on 
the circumference of a 
light wheel, as in fig. 59 ; 
poise the wheel on a 
central point, and expose 
the vanes, which should 
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be set a Ettle oblique to the plane of the wheel, to a current 
of electrified air proceeding from a charged point p^ projecting 
either from the positive or negative conductor of an electrical 
machine. When the machine is set in motion, the poised 
wheel will turn upon its centre. 

Exp. 54. Bend the extremities of a light pointed wire, 9 e t, 
fig. 60, at right angles to the wire, but in f^^ ^^ 
opposite directions: let the whole be poised on ^^ 
a central point, and placed in communication ''-... 
with either conductor of the electrical machine. 
When the machine is put in motion, the benf 
wire will fij round in a direction reverse to 
that of the points s t, and will appear in the 
dark as a ring of light, in consequence of the hmunons 
particles of air receding from the points. 

In all these experiments it is requisite that the point 
project freelj into the air. If it be sheltered hj being 
beneath the surface, then its electrical effect as a point 
Ceases. 

128. Theoretical views of disruptive disekargi and the 
action of pointed bodies, — In the theory of induction (99) it 
is assumed that the particles of the dielectric are in a certain 
state of tension which rises higher and higher in each particle 
as the iaduction is raised higher and higher, either by the 
closer approximation of the inducing surfaces, increase of the 
charge, or variation of form, &c. : the sustaining of this ten- 
sion constitutes insulation; and when the tension surpasses 
the insulating power, the grand close of the existing phenomena 
is disruptive discharge. According to Faraday, the peculiar 
condition of the molecules of the dielectric necessary to the 
induction and insulation is equally essential to the final 
phenomena of discharge by disruption of the intervening 
dielectric medium. The theory does not assume that all the 
particles are equally afPected as to tension ; discharge occurs 
not when all the particles have attained a certain tension, but 
when the tension of a particular particle upon which the whole 
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of the equilibriiun depends has been pressed beyond endur- 
ance, and hence gives way (117): all the particles in this case 
must give way also; because, being all associated in the 
induction, it is the sum of the whole resistance which con- 
stitutes the equivalent insulation. Such is in fact the case in 
discharge between the baUs of Lane's electrometer (91) ; the 
disruption first occurs between the two neat points (117). 

129. The spark -striking distance will therefore be de- 
pendent on the discharge of a few particles of the dielectric 
occupying a very limited space, in consequence of which the 
polarized inductive state of the whole series is lowered, and the 
molecules return to their previous or normal condition in the 
inverse order in which they left it (99) ; whilst their powers to 
propagate or continue the dUeharging operation from the point 
where the subversion of the insulation first occurred become now 
united. A good mechanical illustration of this may be derived 
by standing a series of thin rectangular pieces of wood upright, 
and near each other : if we overturn one at the end, the next^ 
the next, and so on, must follow, and each in succession becomes 
{pressed upon by the forces of all the preceding, which now 
unite to complete the downfall of the whole series in a given 
direction. The few particles originating the discharge are 
generally next one of the terminating conductors s in this 
point of subversion, however, they are not merely pushed 
aside, but th^y assume for the time an extreme tension, and 
the powers discharge throughout the series with violence and 
explosive force : the ultimate effect is the same as if we had 
put a discharging Wire in place of the dielectric particles, and 
operated by conduction immediately between the limiting 
conducting surfaces A b, fig. 49. The tension of the particles 
of the dielectric next the points in the limiting conductors being 
greater than those in the middle of the serieSi it is hence in 
these points that the disruptive effect commences ; so that when 
these conductors terminate in mere points or small surfaces, 
the tension upon the particles of the dielectric in contact with 
them is excessively increased ; in fact, ail the lines of inductive 

6 5 





154 RUDIMENTARY ELECTRICITY. 

force may be supposed to concentrate upon a pointed conduct- 
ing body, tbus: let a, fig. 61, be the terminatiiig spherical 

Fig. 61. 

surface of an uninsulated conductor, and p a point projecting 
from an opposed charged conductor b ; then the lines of in- 
ductive force will concentrate, as it were, upon the point 
p, as represented in the figure : the point therefore becomes 
the source of an active mechanical force, and preserves its 
predominance over the other portions of the conductor be- 
hind it by a continued discharge of the accumulated elec- 
tricity: hence currents of wind arise by the recession of the 
charged particles of air, and which are in every way favoured, 
by the shape and position of the rod immediately behind 
the point. If the point be more or less central to the walls 
of a room, without any more immediately opposed conductor, 
or be exposed to the induction of any other substance in its 
vicinity, still the same result ensues, since there is no distance 
so great as to Umit the operation of this inductive action. 
The theory appHes, by the converse of this, to an uninsulated 
point opposed to a charged body. 

130. Convective Discharge, — In the production of currents 
by pointed conductors, the dielectric aerial particles necessarily 
carry away with them the electricity of the charged body, and 
so, by neutralizing the oppositely induced force in some other 
distant body, complete a discharge of the accumulated electri- 
city. This species of discharge is not a communication of force, 
but a carrying away of force, as it were : the particles in this 
case do not remain in place, — ^they travel. Faraday has hence 
termed this species of action ^cohvective discharge;' and this 
term is appUed to every case in which dischm'ge is effected by 
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the transmission of electrified particles of matter^ whether 
conducting or non-conducting. 

131. Discharge by ConducHon.-^When the particles of an 
intervening dielectric communicate their forces, and lower the 
tension of the charged stratum, we have then discharge hy 
conduction, or, as termed hy Faraday, conductive discharge. 
This kind of power is common to all suhstances : the question 
is a mere question of time. In some suhstances, such as the 
metals, the communication of force takes place with extreme 
rapidity ; in others, such as air, shell lac, &c., the process is 
difficult and slow,— so slow as to admit of such suhstances 
being considered as insulators. Conduction and insulation 
approach, therefore, very near each other, and arise hoth out 
of one common condition of matter. It is this kind of dis- 
charge by conduction which allows of the charge penetrating 
the particles of a soHd dielectric, and causes in the charging 
and discharging of coated glass a spontaneous renewal of the 
charge {7^)* 

Faraday has given very elegant practical illustrations of this 
kind of discharge. The substance spermaceti is found to be a 
dielectric through which induction can take place, — ^that is, its 
particles may become polarized ; but it is also a very slow con- 
ductor, even when the electric force has travelled, as it were, 
through it to some distance : by communication of force from 
particle to particle we can, by removing the inductive or con- 
straining power, cause it to return, as it were, upon its path, 
and re-appear again in its former position. This may be 
effected by giving two conjoined plates of spermaceti metaUic 
coatings, one on each opposite exterior surface, and then, after 
charging and discharging the system, separating the plates, and 
examining their electrical condition. In this case, although 
previously to the separation after discharge, no kind of electri- 
cal indication could be obtained externally, yet, after the se- 
paration, one half exhibits positive electricity and the other 
half negative electricity ; so that on removal from each other's 
inductive influence^ the two forces re-appear upon the surface 



156 RtJDiMiiNTAitV £LeCTktcitir. 

tiiider the attached coatinga. The action^ therefore^ of an 
insulating dielectric, as in charged coated glass^ Is ultimately 
the same in promoting discharge as that of the wire which 
discharges it. 

132. Nature of Conduction, — We ohtain from these con- 
siderations some little insight into the nature of conduction 
and the action of conducting hodies (9). These bodies are 
Subject to the general laws of induction through eontiguoas 
particles in common with electrics, by which thej are brousbt 
into a state of tension or polarity ; but being in this state> 
the particles communicate their forces and promote discharge 
so rapidly^ that the state of tension or polarity vanishes as 
soon as induced s hence the comparatiye differences in insu- 
lating and conducting power, which admit of one dass of sub- 
Stances being considered as insulators, and another class as 
conductors (12). All substances promote discharge by the 
communication of forces, but the capabiHty of this action, in 
a greater or hsser degree, renders them better or Worse con- 
ductors—worse or better insulators.* Thus, contrary to what 
might haye been anticipatedj insulation and conduction stand 
side by side as kindred phenomena. 

133. ThiB progress of electrical dischairge by conduction 
through metallic or oth^r substances involyes the idea of yelo- 
city, and hence attempts j haye been made at tarious times to 
determine the rate of motion. We haye already noticed (61) 
the early attempts of Watson and other members of the Royal 
Society, In 1748, to determine the yelocity of the ordinary elec- 
trical discharge from coated glass, and their failure in deducing 
any thing Uke a numerical yalue of it. In more recent periods, 
howeyer, this important question has been inyestigated experi- 
tnentally with more success. Wheatstone, in 1834, by a beau- 
tiful and conclusiye series of experiments, showed that the 
Velocity of an electrical discharge through a wire of half a mile 
in length was at the rate of 576,000 miles in a second of time. 
This fact was deduced by catchitig in a mirror, whilst reyolying 

* Faraday'B ' Electrical Researclies.' 
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on a horizontal axis at the rate of 800 times in a second, three 
electrical sparks produced by the discharge of an electrical jar in 
an interrupted circuit, the interruptions being at each end and in 
the middle of the conducting mre. Now it was observable that 
the centre spark fell out of the line of the other sparks by half 
a degree of the circle, and had hence experienced retardation, 
firom which it was not difficult to compute the time of discharge 
through the wire ; for the angular motion of the image being 
by an optical law double that of the mirror, the time of motion 
through half a degree is given, when the time of a whole 
revolution is known. By this process it was found that the 
centre spark occurred later than the others by at least the one- 
millionth part of a second ; it was nearly the 1,1 52,000th part of 
a second, giving a velocity of about 576,000 miles in a second, 
supposing the current to have passed from one end of the wire 
to the other, or 288,000 miles> supposing it to have traversed 
one-half the wire< 



.VI. 

« 

AGENCIES OF ELECTRICITY. 

Mechanical Effects — Agency of Electricity in evolving Light and Heat- 
Luminous and Phosphorescent Effects-^Chemical Agency — Electrical 
Currents — Magnetic Agency. 

134. Mechanical Agency, — The transmission of electricity 
through substances is commonly attended by some mechanical 
effect : this is most apparent when the electrical discharge 
pervades bad and imperfect conductors ; such bodies are not 
unfrequently rent in pieces; even good conductors, such as 
the metals, suffer expansion and other mechanical action to a 
considerable amount. If a heavy discharge be thrown upon 
a smaU metallic wire, it will become crippled, as it were, 
throughout its length ; and when a similar discharge is passed 
through a capillary tube containing mercury, the tube will 
be shattered, so great is the expansive force of the metal. 
In the passage of electricity through imperfect conductors, 
the particles become separated by expansion, causing a com- 
pression of surrounding particles. It is this which by the 
collapse of the air causes the sharp snapping sound of the 
electric spark, and which, in the discharges of a powerful 
battery, amounts to a stunning report. 

When the electrical discharge is less sudden and condensed, 
a more progressive action ensues, and these violent effects 
become subdued, as we have seen in the case of glow and 
brush discharge, and the production of currents of wind (127) ; 
whilst in the conductive discharge by metallic bodies of large 
dimensions, as compared with the quantity of electricity trans- 
mitted, mechanical action is no longer apparent. 

The following experiments are highly instructive, and illus- 
trative of the mechanical agency of electricity in bad and 
imperfect conductors. 
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Exp, 55. A slip of tin-foil, a b, fig. 62, about 18 inches in 
length and half an inch wide, is attached by a little paste to 

Fig. 62. 
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the surface of a dry piece of wood, and small cross cuts abc 
are made on it with a sharp-edged knife ; a few common wafers 
are placed over these cuts, and other wafers d e immediately 
between them on the continuous portions of the metal. When 
an electrical shock from a charged jar is passed from a to b, 
the small wafers will be thrown with violence off the disjointed 
portions abc oi the metal, whilst those on the continuous 
parts will remain undisturbed. 

Exp, 56. A c, fig. 63, is a small mortar, turned out of hard 
wood or ivory, having two wires p n Kg. 53. 

passed air-tight through the sides of the 
chamber a, and terminating in small 
balls placed within a short distance of 
each other. A ball of cork b is inserted 
immediately over the chamber, fitting 
loosely in the mortar, so as to avoid any 
considerable friction. When an electrical 
jar is discharged through p w, the ball b will be violently 
expelled in consequence of the expansion of the air in the 
chamber at a. 

If the disruptive spark be produced within a drop of ether 
or water, these fluids will be converted into vapour, and the 
result is then more apparent: such is the expansive force 
thus produced, that few substances can resist it. Beccaria 
succeeded in fracturing to atoms a solid ball of glass of 2 
inches in diameter by means of an electrical spark passed 
through a drop of water contained in a small cavity within the 
centre of the ball. SoUd matter, such as stones, wood, loaf 
sugar, and other brittle imperfect conductors, are rent in pieces 
by an electrical discharge between wires placed within them. . 
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The more progressiTe action of disruptive discharge through 
had and imperfect conductors is frequ^itly attended, as we 
have shown (125), by currents and other mechanical impulses 
capable of giving motion to light float wheels and other modeb 
delicately mounted on pivots. 

135. Affenct/ of electricity in the evolution of heat and light, 
•^—The discharge of electricity through insulating or imperfect 
conducting matter is invariably attended by an evolution of 
heat and light, to a greater or less extent. This is most 
apparent in the transmission of the electrical discharge 
through an interrupted metallic circuit, whether the circuit he 
continued through air or other gases, or through imperfectly 
conducting fluids : in air, brilliant and dazzling light arises, as 
in the case of the ordinary electrical spark ; in water, a bright 
spark may also be obtained between wires placed near each 
other ; in oil, alcohol^ and ether, brilliant light is produced, 
attended by considerable heat. The great expansibility, how- 
ever, of alcohol and ether renders experiments of this kind 
somewhat hazardous. 

The evolution of light and heat by electrical agency admits 
of the following simple and elegant illustrations t 

Fig. 64. 

Exp. 57* Attach a series of very small circular spots (tt 
tin-foil to the surface of a strip of glass, so as to be very 
near each other^ and forming any kind of device, as a b> 
fig. 64 1 we have thus a series of metallic interruptions, in air> 
immediately over a sohd electrical substance x if under these 
circumstances a current of electricity from a powerful machine 
be caused to pass between the positive and negative conductors 
p n, through this interrupted circuit, it will become beautifully 
luminous, especially if small sparks be taken on two balls p 
and n connected with the metallic chain a b» In this 
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rerj bnltiant pictnret in Inminoiu t parkt of dmriiiig bright* 
ness may be obtained bj means of tin-foil pasted on glass : 
the foil should be divided into narrow Uses or strips, eat 
across with a sharp knife over the outline of the picture re- 
quired, and then covered with insulating yamish (29), being 
so connected as to admit of a conduction of electricity through- 
out the total length, by their alternate extremities, as re- 
presented in fig. 65. When small cats are made in these 

Fig. 65. 



lines, representing any required figure, and electricity trans- 
mitted from balls p n at the extremities of the series, the 
whole figure will appear in dazzling light. Small dots of 
tin-foil attached in a spiral form round a tube of glass 
produce a brilliant effect, and may frequently be caused to 
extend over several feet in length : a series of metallic beads 
strung on a line of silk has also a singularly beautiful ap- 
pearance. 

Exp, 58. Insert two wires in a ball of ivory or box-wood, 
and pass the charge of a small Leyden jar through its centre : 
the ball will become for the time luminous, and appear of a 
crimson or scarlet colour. 

Oranges, apples^ and other fruits, as also eggs and sugar, 
may be rendered luminous in this way. The universal dis- 
charger, already described (76), is well adapted to such 
experiments. 

136. The tendency of electricity to evolve light in interrupted 
circuits is such that even apparent contact does not prevent it. 
If the shock of a jar exposing about 4 square feet of coated 
glass, fully charged, be passed over a small iron chain, 
luminous and brilliant scintillations take place at every link of 
the chain, producing an extremely fine effect, especially when 
the chain is suspended in festoons upon insulating supports. 
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The heating effects of the electrical discharge are not less 
apparent and striking than the preceding. 

Exp. 59. Fill a common wine-glass with cold water nearly 
to the hrim, and pour on its surface a thin stratum of ether ; 
connect the water with the prime conductor of the electrical 
machine hy means of a wire ; put the machine in action, and 
draw a spark from the water through the ether bj means of a 
brass ball or by the knuckle ; the ether will be immediately 
inflamed. 

Highly rectified spirit may also be inflamed by means of a 
powerful spark from the electrical machine, especially if it be 
gently warmed and placed in a metalhc cup. The electrical 
spark will set fire in this way to various kinds of inflammable 
matter, such as resin, cotton wool, phosphorus, gunpowder, 
and other detonating compounds, all of which may by adequate 
arrangements be readily inflamed. 

The firing of common gunpowder by electricity is best 
effected by placing a glass tube full of water in the circuit, so 
as to diminish the violent expansive effect of the spark, by 
which the grains are scattered without explosion : to prevent 
this, the gunpowder is usually enclosed in a cartridge, and two 
wires inserted within it ; but even then the experiment is not 
always successful. When the discharge is transmitted through 
a few inches of water contained in a tube of glass, loose gun- 
powder placed between the wires of the universal discharger 
inflames instantly. 

137. The heating effects of electricity upon metals and other 
good conductors are also very interesting and important. We 
have before shown (132) that some amount of resistance to 
electrical transmission always takes place, even in the best 
conductors, which resistance may be referred to the same 
source as the resistance through bad conducting matter, that 
is to say, momentary tension and insulation : hence similar 
effects in the progression of electrical action through their 
particles. 

Exp, 60. Fix a strip of silver or gold leaf on paper, and 
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subject it to the shock of about 8 square feet of coated glass, 
fully charged ; the metal will disappear with a bright flash. 

When a powerful shock is passed through a slender iron 
wire, the metal becomes heated, and may be dispersed in red- 
hot balls, producing in the dark an extremely brilliant effect. 
All the metals, when drawn into fine wire, may be caused to 
bum in a similar way; and the most refractory, such as 
platina, gold, and silyer, are conyerted into earth-Uke powders 
of various colours, termed oxides. 

Low degrees of heat, eUcited in metals by the transmission 
of electricity through them, may be estimated by means of the- 
thermo-electrometer (95). It appears from numerous experi- 
ments with this instrument, that the action of electricity in heat- 
ing metallic bodies increases as the square of the quantity of 
electricity discharged through them, without any relation to 
the intensity (120) or extent of coated glass on which the 
charge is accumulated. This is in truth a general law of 
quantity, and arises out of the fact, that whatever be the 
extent of coated glass on which we accumulate a given quan- 
tity of electricity, or whether thick or thin, the electricity all 
concentrates upon the wire at the instant of discharge; and 
the efl!ect is therefore quite independent of all those 'circum- 
stances which influence the indications of the electrometer, 
and which we have so fully considered : thus, when twice the 
quantity of electricity is discharged^ the fluid rises in the 
electrometer (95) to 4 times the height ; with three times 
the quantity to 9 times the height, and so on : a law depen- 
dent very possibly on a condition of momentum, since in the 
discharge of a double quantity of electricity, for example, we have 
twice the number of particles and probably twice the velocity, 
which would give 4 times the force. The heating effects of 
electrical discharge through metals being greater, as the resis- 
tance in the wire to the progress of the discharge is greater, 
we may infer that the conducting power of a given metal is in 
some inverse ratio of the heat it evolves whilst transmitting a 
given electrical accumulation ; and that hence by drawing vari-. 
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QBS metals into wires of a given diameter, placbg tbem in 
the electrometer (95) and subjecting them to the force of 
ft given accumulation (78), their relative conducting powers 
may be- estimated, and such is found to be the case. The 
following Table contains the results of a series of experiments 
of this kind : 



Metals 


Copper 


Gold 


Zinc 


Iron 


Tin 


Lead 


Degrees of heat 


6 


9 


18 


30 


36 


72 



Taking the heat of lead as unity, the following will he the 
relative conducting powers of these several metals, supposing 
the heat proportionate to the resistance: 



Lead 


Tin 


Iron 


Zinc 


Gold 


Copper 


1 


2 


2-4 


4 


8 


12 



Since the resistance in the same wire maj be supposed to 
decrease as the number of particles increase, we may conclude 
that the conducting power of a metallic wire will be inversely 
as the length, and as the area of its section directly ; that is, 
as the square of the diameter. 

138. The agency of electricity in evolving heat and Hght 
in bodies through which it passes is powerfully and wonder* 
fully apparent in the discharge of the voltaic battery, fig. 16 
(28). When an extensive series of plates, excited by an 
add solution, discharges through points of charcoal, attached 
to stout wires connected with the opposite extremities of the 
battery, the heat and light evolved is most intense. With 
2000 series of 4-inch plates. Sir Humphry Davy obtained 
an arched stream of light, of nearly 4 inches in length : frag- 
ments of diamond, on being introduced into it, disappeared ; 
and thick wire of platina, one of the most refractory of the me- 
tals, fused readily : all the metals in thin laminae, such as gold 
mid silver leaf, burned vividly : when fine iron or steel wire was 
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made to join the opposite ends of the battery, it immediately 
ignited, and stout platina wire was kept at a white heat. 
The late lamented Professor Daniell, by hia new voltaic 
battery, exceeded even these effects. With this battery the 
arc of electrical flame between points of charcoal was so 
intense and in such volame, that the eyes of the spectatora 
were seriously affected and inflamed, even though guarded by 
thick grey glasses : the Professor's face became scorched by 
the heat, as when exposed to i^meridian sun : the rays, when 
collected into a focus, burned a hole readily through paper i^ 
many feet distant, and a bar of platinum of ^th of an inch 
square, together with other highly infusible metala« such as 
rhodium, iridium, and titanium, were easily melted. Gold leaf 
burned with a vivid white light, and silver leaf with a hght of 
brillimit emerald green. 

We have not sufficient knowledge of the nature of the 
electrical light to say on what its presence depends; buit 
from the fact that both the light and heat attendant on elec- 
trical action vary with the resistance to diseharge, it has been 
supposed, and with much reason, that both are evolved from 
the medium in which the discharge occurs^ by the mechanical 
agency of electricity in compreissing their particles — a result 
4xuisequent on die s^me compressiog effect produced in many 
other ways. 

In condensed air the light is white and brilliant ; in rurefied 
air it is divided and famt ; in air highly rarefied it is noi un- 
frequendy of a violet colour. In a similar way the density of 
-various gases has a material influenee on the luminous effect:: 
thus» in carbonic acid gas the light ia white and vivid; in 
Jbydrog^ gas, as in highly rarefied air, it is red and faint. 

Electric light of great brilliancy exhibits^ like the smi-li|ght> 
all the prismatic colours when decomposed by the prism, and 
may be caused to display them separately by the iaterventioii 
of different media. If a powerful discharge be passed between 
two wunes inserted tsl a soft piece of deal, in the daeetion 
of the l^brea, the colour of the light varies with the depth of 
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the points beneath the surface. If one of the points be in- 
serted rather deeper than the other^ all the prismatic colours 
appear. In this experiment the depth beneath the surface of 
the wood may be from -^th to ^ths of an inch. 

139. Phosphorescent effects of electricity , — ^When the light 
evolved by the electrical discharge is very intense, a subdued 
luminous or phosphorescent eifect continues to glow upon the 
surfaces of various bodies over which the discharge has passed. 
Calcined oyster-shells exhibit' this effect in a high degree: 
selenite shines for a few seconds with a bright green light, and 
calcareous spar remains luminous. 

The substances employed in these experiments should be 
placed between the wires of the universal discharger (79), and 
the eyes closed at the instant of discharge, so as to avoid the 
dazzling hght of the spark. The luminous glow left on the 
surface of common chalk thus treated affords a beautiful illus- 
tration of the phosphorescent effects of electricity. 

Exp, 61. Place a flat piece of dry chalk on the universal 
discharger, and set the pointed wires on its surface, two 
inches apart ; discharge a large electrical jar, fully charged, 
through the wires ; a streak of light will remain on the chalk, 
which vdll continue for some time* 

The particles of brittle substances, such as loaf sugar, when 
dispersed by a powerful shock, appear lundnous for many 
seconds. 

140. In all these and the preceding experiments, the dura- 
tion of the immediate light of the spark is very limited and 
transient. Wheatstone, by viewing the reflection of electrical 
sparks in his revolving mirror (133), has clearly shown that 
the duration of the Hght does not exceed the one-millionth 
part of a second, so that objects in extremely rapid motion 
■are seen by this evanescent light as if flxed and at rest. In 
evidence of this he has given the following very elegant 
experiment. 

Exp, 62. A plane circular disc, flg. 66, having the three 
primitiTe colours, — ^yellow, red, and blue, — ^painted on it, and 
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oceni^uig three proportioiute sec- Jig- ^^• 

tioiu of the disc a be, was c&nsed 

to revoWe on a centre with great 

Telocity, so that the colours, by an 

optical result, blended nearly uto 

white, and were hence quite nn- 

distinguishable. The room being 

darkened, and the light of a spark from an electneal jar 

allowed to fall on the disc, the three colours were as apparent 

at the instant as if the disc were at rest The light had in 

fact been produced, and had again Tanished before either of 

the colours had turned through a sensible space The most 

rapid motion, therefore, producible by art is yirtually rest, 

when taken in relation to the velocity of the electric light. 

A Tery efiectiTe experiment may be made with a similar disc 
bymercly placing on it three spots, — blue, red, and yellow, — • 
one inside the other, and which, when the disc is caused to 
revolve, form three distinct circles. Now, however rapid the 
motion, the spots are seen, by the light of the electric spark, 
as being perfectly at rest ; and if successive sp(u:ks be pro- 
duced, they appear to be merely changing their relative 
position on the disc. 

141. Ckemeal agency of electricity. — The agency of elec* 
tricity in effecting chemical changes will be found of still 
greater extent and importance than its mere mechanical action, 
although probably intimately associated with it. Not only 
are the most refractory metals converted into oxides, but 
oxides already formed may be decomposed, and the metal 
revived and restored to its former condition. "When a succes- 
sion of small electrical shocks is passed through oxides of tin, 
placed within a clean tube of glass, the tube becomes stained 
with metallic tin. If we subject common vermilion, a com- 
pound of sulphur and mercury, to the charge of a moderate- 
sized jar, the mercury is easily reproduced in its metallic state. 
Vhen the electrical spark is taken in various fluids, the fluids 
may be decomposed and separated into tiieii constituent ele- 
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ments. Thus water, by the action of the electric spark, may 
be converted into hydrogen and oxygen gases. This very im- 
portant fact was first announced by some Dutch chemists, and 
was subsequently confirmed by one of the most distinguished 
of British philosophers, Dr. Wollaston. Compound gaseous 
bodies, likewise, are chemically acted on in a similar way : thus 
it was observed by Priestley and CavencHsh, that when a portion 
of common air was exposed for a con^derable time to a sue* 
cession of small electrical discharges, the bulk of the air be- 
came diminished, and its constituents, oxygen and nitrogen, 
combined in the proportions required to produce nitric add, 
which was accordingly found in the vessel in which the air 
was confined. 

142. The most powerful and available source, however, of 
this electro-chemical agency is found in the series of Yolta 
Bbeady referred to, fig. 1 6 (28) . When substances are subjected 
to the continuous electrical discharge of this apparatus, very few 
Compounds resist its power. As a general law of the decom- 
posing agency, it is found that oxygen and its compounds, 
Bcids, &c., are determined upon the zinc or positive end of the 
Series ; a&ahs, hydrogen and other inflammable matter, upon 
the copper or negative end. Alkalis being thus found deter* 
unned to the negative extremity, were suspected by Davy to 
contain an inflammable element, and he finally succeeded in 
realizing this conjecture : by means of a powerful series, potassa 
and soda were resolved into two constituent elements, viss. 
oxygen gas, which appeared at the zinc extremity, and a highly 
inflammable kind of metal, which was rendered xip at the 
copper or negative extremity, — a discovery which shed an 
cxtraordinaTy degree of lustre on British Chemistry. 

In the electricity of -the voltaic battery, therefore, we possess 
a most powerful chemical agency, by which the elements tff 
'botUes may be separated and transferred to distant points. 
^e following experiment is another fine example of this im- 
portant fact. 

^Exp. 63. in the centre glass c of the three glass yeasds 
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A c B« fig. 67, is a solution of sulphate of potassa, one of* the 
neutral salts : a and b contain a light inftision of the hlue 
eabbage in distilled water, which is highly sensible of the pre- 
sence of alkali, or acid, its I^* 67* 
colour being immediately 
affected thereby : the three 
glasses are connected by 
filaments of moistened cot* ^ 
ton, as shown in the figure A <-' b 
and the wires pn from the opposite ends of the Toltaio 
series, terminating in gold or platina points, inserted in 
the glasses a b. The result is, that the neutral salt in the 
glass c is soon decomposed into potassa and sulphuric add : 
the add is transferred to the positire cup a, and turns the 
blue infusion red, whilst the alkali becomes transferred to the 
negative cup b, and turns the blue infttsion green. 

When metallic salts are subjected to this spedes of electrical 
action, they are speedily decomposed and the metal reviyed ; 
tjms a plate of silver connected with the negative wire of the 
battery, will, when plunged into a solution of sulphate of 
copper (blue vitriol), become coated with metallic copper 
directly we immerse the positive wire p in the solution, 

143. Electrical Currents. — Another important agency of 
electridty consists in its progressive, or, as it is usually 
termed, current action, as exhibited in the phenomena of 
conduction and discharge. When we discharge an excited 
voltaic series, or an electric jar, through any substance* 
whether metallic, moist conductors, or air or other elastic 
media, this progressive or current force always arises, and the 
substances transmitting the electridty exhibit extraordinary 
and very peculiar powers. Now it is an important feature of 
an electrical current, that the two dectrical forces are every 
whore in. it ; the current is in respect of these forces the same 
in every part ; we have never a current of one force gbIj, s^ 
that, aa stated by Faradi^, it ia quite indivisible, and may be 
conceived of aa an axia of power in every part of whiab the 
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two forces are present. Electricity as a chemical agent appeals 
to operate directly through the medium of this current force. 
Thus in the decomposition of water and other hodies an elee- 
trical current is estahUshed, sufficiently powerful to separate 
the constituent elements which then interchange the two forcesy 
and operate in lowering the tension hy a species of convective 
discharge. The fluid, whilst under the influence of the hattery> 
may he considered as any other dielectric suhstanoe in a state 
of tension (120). Faraday has termed such suhstanoes as 
decompose in this way electrolytes. The detennining actkm, 
he further shows, exists within them* and not at the poks or 
doors of the hattery ; the chemical force of the current heing 
directly as the quantity of electricity transmitted. 

About the year 1820, the celebrated French philosopher 
Amp^e disooTered the mutual attractions and repulsions of 
electrical currents, and showed that metallic wires, if free to 
mo^, attract each other when transmitting electrical currents 
in the same direction, and repel each other when the currents 
passing through them are in opposite directions. When two 
wire rings are freely suspended one over Fig. 68. 

the other, as in fig. 68, so as to turn readily 
in a vertical plane, and electrical currents 
transmitted through them, through the in- 
tervention ofa little mercury in which their a| 
extremities terminate, the rings will be ^' 
observed to separate and turn round upon 
their pivots until the currents passing 
through them flow in the same direction. 
Faraday has since shown that wires trans- 
miUing eiectrical currents induce momentary currents in other 
wires near them : thus the phenomena of attraction, repulsion,- 
and induction txe common both to staticai and dynamical 
eiectrieity, that is to say, to eleetricity both at rest and in 
motion. 

144. Magnetic agency of ehetricUy. — The agency of elcc- 
tiioity in impaorting polarity to mm. and sted vms observed by 
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E nnklin, and further verified by Van Marum with the grea 
machine and battery in the Teylerian Museum at Haarlem (48) • 
By this apparatus, pieces of watch-spring 6 inches in length 
were rendered powerfully magnetic : when the discharge was 
passed through the steel placed perpendicularly, the lower end 
acquired a north polarity, that is to say, if suspended in a 
horizontal position, that end pointed to the north ; if placed 
horizontally in the magnetic meridian, the end pointing north 
acquired a north polarity, whichever extremity was connected 
with the negative side of the battery. 

The most important discovery, however, in this department 
of Electricity is of comparatively recent date. This discovery, 
one of the greatest of modem times, is due to Professor (Ersted, 
of Copenhageui who was led, about the year 1819, to investi- 
gate the peculiar condition of a wire uniting the terminating 
plates of the voltaic battery, so as to form a closed circuit. 
The magnetic needle, when placed above or below this wire, 
termed by (Ersted a conjunctive wire, immediately deviates 
from its meridian according to certain laws, and tends to place 
itself at right angles to the wire. In all these deviations the 
pole of the needle over which the negative electricity enters 
turns towards the west, and the pole under which it enters 
tarns towards the east. On further investigation, it appears 
that the transmission of the electrical current through the 
wire is attended by a transverse action exerted in a direction 
at right angles to the direction of the current, which action is 
always the same in kind and direction : this force in relation 
ta current electricity is what lateral tension is to statical elec- 
tricity (120). The distinguished French philosopher Ampere 
was amongst the first to pursue these new inquiries, and he 
sttoceeded in imparting to wires transmittipg electrical currents 
all the properties of common magnets. 

145. One of the most surprising results of the magnetic 
agency of deetricity is the enormous power induced in soft 
iroii by the circulation of electrical currents about its 
surface. 
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Exp. 64. Let achy fig. 69, be a cylindrical bitr of soft iron, 
bent so as to bring the extremities a b Yig, 69. 

near each other, and p and n copper 
wire covered mth silk thread wound 
round its surface from p to n ; then, on 
uniting the extremities pn of this coil 
with the terminating plates of a voltaic 
battery, the iron immediately becomes 
magnetic, and will sustain by attraction 
at its extremities a 5 a considerable 
we^t when affixed to a square iron 
rod, joining the extremities or induced 
poles a h. 

. By superposing heliacal coils in this 
way upon the surface of a soft iron bar, and uniting the 
extremities into one common terminator p n on each side, 
temporary magnets have been produced capable of sustaining 
more than a ton weight ; the magnetic power, however, is lost, 
or nearly so, directly the currents cease to drcnlate through 
the coils. 

The magnetic, as in the case of the chemical and heating 
agency of electricity, is, cteterit paribus, directly as the 
quantity of electricity transmitted, without reference to the 
intensity* 

By the operation of these powers, and the peculiar kind 
of tangential force they display, electrified wires and magnets 
are caused to revolve round each other, and a vast variety 
of most interesting and wonderful effects obtained, consti- 
tuting a. most beautiftd department of science, termed jeleetro^ 
moffnetifm* 

146 f Magneto-electrieity, — Magnetism having been thus 
found to arise out of electrical action, the coDchurion was 
irresistible, that electricity should also be derived from mag- 
netism. Although this conclusion lay dormant for several 
years, it was finally completdy verified by.Faradiij in the 
course of the year 1831, being about twelve yean aubsequent. 
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to OSnted's celelmted diacovery (144). When a piece of soft 
iron surronnded by ooih of copper wire is brought into or 
removed from contact with the poles of a magnet, electrical 
currents are produced in the wire of considerable magnitude, 
as shown in the action of the magneto-electrical maehine» 
fig. 17 (28). Hence has arisen a new and most yaluable 
branch of electrical science, termed magnet<helectr%eity, the 
essential principle of which consists in the converse operation 
of magnets, either permanent or temporarily produced in the 
common electricity of non-magnetic bodies. 

The following is a remarkably elegant experimental illustra- 
tion of magnetism induced by electricity, and the simultaneous 
and reciprocal excitation of electricity by the induced mag- 
netism. 

E^. 65. Let copper wire, covered with silk thread, be 
wound round opposite semicircles of a soft iron ring of about 
6 inches in diameter, leaving a separating portion of the iron 
between the coils ; then, if the extremities of one of the coils 
be connected with the voltaic battery, fig. 16 (28), a current 
is established through that coil which magnetizes the iron 
beneath* At this instant a current of electricity arises in 
the coil on the opposite semicircle by the flow of magnetism 
through the ring, and which, if the battery be sufficiently 
powerful, will cause a spark to appear between the extremities 
of this coil, if duly placed near each other, fig. 17 (28), and 
will exhibit other electro -magnetic effects. It is, however, 
to be observed that this action is temporary, as in the case 
of the magneto-electric machine (28), and exists only at the 
instant of making or breaking the contact of the opposite coil 
with the voltaic battery. 



VII. 

NATVHAI. BI.£CTRICITt. 

I 

Electiicity of the Atmosphere — Lightning and Thunder — Meteors— <- 
Aurora Borealis — ^Water-spouts — ^Whirlwinds and Earthquakes. 

147* Electricity of the Atmosphere, — ^Electrical science^ in 
the early periods of its history, appears to haye heen limited to 
the phenomena of attraction and repulsion developed in certain 
hodies, by exciting into action some curious and hidden prin- 
ciple which such bodies were supposed to contain. No sooner, 
however, had the brilliant discoveries of the eighteenth cen^ 
tury been achieved, than a far wider and apparently unhmited 
field of investigation presented itself. Electricity now became 
associated with those great and mysterious agencies upon 
which the natural operations of the material universe were 
supposed to depend. Dr. Wall, who, in the year 1705> 
observed the light, together with the cracklii^ sound attendant 
on electrical excitation, became impressed with its miniature 
resemblance to the phenomena of lightning and thunder. Grey 
observes (Philosophical Transactions, 1735), that the elec- 
trical fire seems to be of the same nature with thunder and 
lightning. The Abb^ NoUet, in 1745, speaks of ''thunder 
and lightning being in the hands of Nature what electricity is 
in ours," and speculates on the probability of a thunder-cloud 
being an '' electrified body, depending jon the same mechanism 
as that of charged conductors." The great discovery of the 
Leyden phial, and the several investigations of Franklin, espe- 
cially those relative to the action of pointed bodies, went still 
further in confirmation of these conjectures, and in the asso- 
ciation of various luminous phenomena of the atmosphere with 
ordinary electrical action. Watson, in the 48th volume of the 
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* Philosophical Transactions, enumerates certain appearances 
recorded by the ancients, eyidently depending on electricity in 
the air. Pliny tells us in his Natural History, that stars 
settle with an audible sound on the sail-yards of ships. Seneca 
describes the spears of the soldiers in the Roman camp as 
being on fire. The old historian, Herodotus, states that the 
Thraeians disarmed the heavens of their thunder by launching 
their arrows into the air. Such phenomena are evidently 
nothing more than natural interpretations of the action of 
pointed bodies, and of certain forms of disruptive discharge 
(121), (125). Important coincidences of this kind could not 
fail to arrest the attention of those distinguished men who, 
about the middle of the eighteenth century, had surprised 
mankind by their great and novel discoveries in electricity, 
and to c6nvince them of the ^prevalence of electrical agency in 
the ordinary operations of Nature. 

148. In the year 1749, Franklin proposed two methods 
for obtaining electricity from the clouds; and at his sug- 
gestion, in 1752, an insulated pointed rod of iron, 40 feet 
Jong, was erected by Dalibard, at Marley la Yille, near Paris, 
so as to project freely into the air. On the 10th May, 1752, 
electrical sparks were obtained from this rod, attended by the 
usual snapping sound. . Franklin having noticed the great 
similarity between lightning and the ordinary electrical dis^ 
charge, suggested the employment of pointed conductors in this 
,way, for collecting electricity from the clouds and air. Light- 
ning, he observes, is generally crooked and waving ; it strikes 
the most prominent bodies, takes the readiest conductor, sets 
fire to imflammable matter, rends bodies in pieces, destroys 
animal life, and affects the magnetic needle ; all of which are 
likewise effects of the ordinary electrical battery. His con- 
viction, therefore, of the identity of the agency of lightning 
with that of common electricity amounted in his own mind to 
a reality. Tired of waiting for the erection of a tall spire in 
Philadelphia, upon which he had proposed to place a pointed 
.condifctor, this distinguished philosopher, ip June, 1752, found 



176 RTTDIMBNTARY ELECTRICITlr. 

a readier access into the higher regions of the air by means (it 
a common kite* The kite had a pointed wire affixed to it, 
whilst the line of the kite was insulated by a sOk cord eon- 
nected with its lower end« and which terminated in a common 
key, thus made subservient to the purposes of an insulated 
conductor. After patiently awaiting the passage of several 
clouds over the kite, he had the unspeakable dehgbt to observe 
some of the loose fibres of the hemp string bristle upwards 
and repulse each other (16) ; and finally, as the conducting 
power of the string became increased by the fall of rain on it 
(9)9 electrical sparks were drawn from the insulated key placed 
at the extremity of the string. Thus became realized, by 
actual experiment, one of the most beautiful and important 
discoveries in the history of science. Bomas^ in France, re- 
peated Franklin's experiments, and, as stated by the Academy^ 
according to an original conception of his own. In June, 1 753» 
he raised a kite 550 feet into the air during the prevalence of 
thunder-douds ; the string had a copper wire round it, and 
was attached below to an insulated iron tube. The effects not 
only astomsbed but greatly endangered the spectators ; flashes 
.of fire, a foot long and 3 inches wide, passed from the insulated 
conductor communicating with the string, attended by loud 
reports heard at a distance of 500. feet, and produced the 
•sensation of the spider's web upon the fiices of the spec- 
tators (48). Three straws, one of them a foot in length, were 
observed standing erect upon the ground towards the string: 
these at last began to dance up and down (13). At this 
instant a roaring noise ensued, similar to that of a forge 
bellows ; the large straws now became violently attracted and 
xepdied by the insulated tube, and three distinct, ringing, 
4fasfp reports ensued, similar to the sound of earthen jars 
idaabed in pieces on a stone pavement. A spindle-shaped flash 
aocGoipanied each of these discharges; the l(»ig straw now 
began to follow up the kite string with extreme rapidity, 
being sometimes attracted and sometimes repelled: it as- 
cended in this way about 300 feet; the kite itself iqppeaised 



ATM08PHBaiC ELECTaiCITY* 17!^ 

wA if sarronnded by a luminous cylinder 3 or 4 inches in 
diameter* 

A celebrated Russian, Professor Richman, of St. Peters- 
bui^9 lost hb life whilst prosecutiug similar experiments. 
Having erected an insulated or pointed iron rod on the top 
of his house« he hastened there from the Academy of Sciences, 
in August,. 1753, to observe the amount of charge communi- 
cated to a large quadrant electrometer (81) conuected with the 
rod. At this instant, whilst stooping to examine the index, a 
large globe of bluish fire struck him on the head, and he in- 
stantly expired. 

149. Saussure and other celebrated philosophers have 
subsequently made extensive experiments on the electricity of 
the atmosphere, and ha^e shown that the air is generally more 
or less charged with electricity, either positively or negatively. 
This may be the case, and to a considerable extent, even under 
a serene and clear sky, as appears by the following highly 
valuable notice of certain electrical phenomena of the atmo« 
sphere, by General Pollock, whilst commanding a division of 
the British army in India, stationed at the fort of the 
Himalayan Mountains, about 40 miles from the Khyber Pass, 
— ^the soil a vast plain of sand. About the end of April, 
1842, the air being quite clear, not a cloud in the sky, the 
musket of a European soldier on duty having on it a fixed 
bayonet, became so powerfully charged with electricity as to 
emit a succession of electrical sparks from the barrel, when- 
ever any conducting body was presented to it. General 
Pollock himself drew from it by means of the knuckle several 
powerful sparks of electricity^ The musket was supported 
upright on the hand in the usual way of soldiers on duty. 
The stock of the musket was made of a peculiar Indian wood 
from the Sipoo tree, and which was sufiiciently non-conducting 
to insulate the barrel and other parts of the musket above the 
hand.* 

* Communieated by General Pollock to Mr. Grant Dalrymple* 

H 5 
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150. Our talented coimtryman, Mr. Crosse, of Bromfield,* 
near Taonton, in Somersetshire, has greatly contributed to our 
knowledge of atmospheric .electricity, and has elicited some 
very important and general facts. His apparatus consists of 
more than a Ifiile of insulated wire, extended between pointed 
conductors raised high into the air upon tall masts upwards of 
100 feet in length. It appears, by experiments with this ap-^ 
paratus^ that the electricity of the atmosphere has a daily 
flowing and ebbing period, like the sea, being found to increase 
and decrease in force twice every 24 hours. Generally, the 
electricity obtainCld from the air is positive, especially in clear 
weather ; but during the fall of rain, fogs, snow, and storms, 
and especially during the passage of certain clouds, the appa-« 
ratus is frequently electrified negatively. We are also in 
possession of numerous valuable observations made at the 
Kew Observatory by Mr. Ronalds, for the British Association. 
We are indebted to Mr. Ronalds for a high perfection of the 
means of observation, and^ together with Mr. Crosse, for the 
foUowii^ general results : 

1. The electricity of the air is always positive, — ^increases 
after sunrise, diminishes towards noon, — increases again 
towards sunset, — ^and then decreases towards night, — after 
which it again increases. 

2. The electrical state of the apparatus is disturbed by fogs^ 
rain, hail, sleet, and snow. It is negative when these first 
approach^ and then changes frequently to positive, with sub-» 
sequent continued changes every three or four minutes. 

3. Clouds alsoj as they approach, disturb the apparatus in a 
similar way^ and produce sparks from the insulated conductor 
in rapid successioui so that an explosive stream of electricity 
rushes to the receiving ball, which it is wise to let pass off 
into the earth. Similarly powerful effects frequently attend 
a driving fog and heavy smart rain. 

151. Electricity being thus intimately associated with me- 
teorological changes in the atmosphere, it is thus further 
evident that thunder^ and lightning, and several other meteoric 



ttdfitm^fr ANA THUNDEk. l79 

SppearanceSy are dependent on the ordinary operations of elec- 
trical agency. If we consider attentively the electrical con- 
ditions of a thunder-storm, we may observe in them, all the 
elements of the Leyden experiment : the atmosphere, in fact, 
becomes a great coated pane or fulminating square (63), of 
which the charged doud is the insulated, and the surface of 
the earth the uninsulated, terminating conducting planes ; — ^the 
phenomena of thunder and lightning are neither more nor less 
than disruptive discharges through the intervening air, on the 
principles we have already explained (121), the magnitude of 
the effect depending on the tension. It has been well observed 
by Franklin, " If two gun-barrels strike at two inches distance 
and make a loud report, at how great a distance may 10,000 
acres of electrified cloud strike, and how loud must be that 
crack ! " We may further remark, that all the causes which 
operate in modifying the phenomena of the common electrified 
spark, also operate in giving variety to the phenomena of 
lightning. Thus lightning is often waving, or of a crooked 
zig-zag appearance ; at other times it is straight and brilliant i 
when occurring near the observer, the Hght is quite intolerable 
to the eye. Sailors are accustomed to call the dividing zig-zag 
spark ' forked lightning:' when it does not divide, it often affects 
the eye by a sort of ripple of light, — this they term * chain 
lightning :' when a vivid sparks occurs, but concealed from the 
eye by interposed masses of clouds, the light is so reflected 
from more distant masses as to illuminate the whole of the 
hemisphere,^-this has been termed * sheet lightning.' Arago, 
however, and other philosophers, have given this term to elec-^ 
trical dischaiges spread out into broad alternated flashes, such 
as we observe in the flashes of a summer evening. The phe-' 
nomenon termed ' globular lightning,' presenting an appear^ 
ance of a ball of fire either in motion or at rest, is referable to 
glow discharge (126), which commences and proceeds for a 
short time previously to the more condensed disruptive dis' 
diarge of the whole system. In this way balls of fire have 
been observed to roll along the sea and ground, or become 
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stationaiy, previously to a burst of thunder and lightmagji 
aocordii^ as the cloud upon which the discharge depends is at 
rest or in motion. 

152. The noise called thunder may be referred to the 
collapse or mechanical and Tiolent compres»on of ihe-ait hy 
the disruptive discharge (12 1), and to the reflected or succes- 
sive echoes of the sound reverberating between the opposed 
surfaces of clouds or land, and which has been called the roll 
of the thunder : thus, when a cloud covers the horizon, the 
noise of cannon fired at sea is often attended by a long- 
continued roll like thunder. 

As the motion of sound is extremely slow compared with 
that of light, being not more than about 1000 feet in a second 
of time, whilst light travels at the rate of 190,000 miles in a 
second, we are enabled by neglecting the evanescent time of 
the light to calculate the distance of the point in which the 
disruptive discharge begins, merely by multiplying the number 
of seconds which elapse between the hght and the sound of 
the thunder bv 1090, the actual rate of motion of the sound in 
a second. Thus an interval of 5 seconds would give 5450 feet 
for the distance of the thunder-cloud from the observer, being 
rather more than a mile. 

153. The effects of electrical discharge under the form of 
thunder and lightning are similar to those already noticed (121), 
the mechanical effects being of a most stupendous character. 
Wood and other resisting matter is rent, and scattered in all 
directions ; nothing appears to stand against it : thus rocks 
are split open and scattered, and trees of enormous size, 
especially the oak« rent asunder. In November, 1790, the 
^Elephant,* of 74 guns, was struck at Portsmouth by an eke-, 
trical discharge from the atmosphere, which entirely shod]£ 
and shivered her mainmast, weighing about 18 tons : all tbe^ 
iron hoops and mouldings were burst open and scattered 
around : some of the hoops were half an inch thick and 5 
inches wide : the mast itself consisted of a mass of wood 3 feet . 
in diameter and 110 feet long. 
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^ 154. Meteors. — All those ordinary meteors found on' the 
masts and sail-yards of ships and other pointed hodies are^ 
'mthont any question, pure effects of atmospheric electricity 
depending on the action of pointed hodies projecting into elec<' 
tt^fed air (125). These appearances haye heen termed hy 
Spanish sailors the * Fires of St. Elmo/ and in superstitious 
times were supposed to proceed from the hody of the Saint. 
In the record of the second yoyage of Columhus we find that 
" during the night of Saturday (October, 1493) Saint ELmo 
appeared on the top-gallant masts with seyen lighted tapers.^ 
The Italians refer these appearances to St. Peter and St. 
Nicholas : the Portuguese call them ' Corpo Santos ;* hence, 
probably, the term used by English sailors of * Comazants.'* 
The action of electrical points may hence be adduced in 
explanation of many of those luminous phenomena of the 
atmosphere found occurring near the earth's surface. Other 
meteors, howeyer, although suspected to originate in electrical 
action, do not appear to be so clearly referable to it. Amongst 
these may be classed the well-known phenomenon of the 
* shooting- star :' this appearance, howeyer, has still been 
suooessfuUy imitated by passing the shock of an intensely 
charged jar between balls enclosed within the extremities of a 
long glass tube exhausted of its air. In the present state of 
our knowledge, howeyer, of such meteors, we cannot pretend 
to decide on the question of their electrical origin. 

155. Aurora Borealis, — ^The magnificent phenomenon termed 
Aurora Borealis, or Northern Lights, may be certainly classed 
amongst meteors depending on ordinary electrical action, 
and may be referred to the flashing of electricity through air 
more or less rarefied, and at yariable heights aboye the surface 
of the earth. If a pointed conductor be caused to discharge 
electricity within an exhausted glass receiyer, streamers of 
white and coloured light, and diffuse or peryading flashes, are 

* ' TomlinsOn on the Thunder-storm,' published by the Committee of 
General Literature and Education appointed by the Society for Promoting 
Christian Knowledge, 
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produced, closely imitating the phenomenon termed Aurora 
Borealis. A receiver of 6 inches in diameter, and 10 feet 
high, appears as if filled with light under the action 
of a powerful electrical machine ; the light and colour de-> 
pending on the rarity of the air, the amount and kind of 
vapour it contains, and the substance and form of the con«* 
ducting body from which the electricity is transmitted. By a 
careful management of the experiment, beautiful violet and red 
streamers, and splendid coruscations, together with difPuse 
glow, are easily obtained. By far the greater number, how- 
ever, of such appearances as observed in these latitudes, may be 
traced to the presence of dense masses of electrical clouds 
yielding up electricity into the atmosphere above thern^ 
Both glow and brush discharge (126), di£fuse and infinitely 
varied, and of a vast extent, is produced in this way, and is 
often observed to proceed from behind the masses of clouds 
in long shooting streamers, attended by a beautiful glow of 
diffuse light, varying from green to deep purple, violet, and 
red, and which sometimes covers the hemisphere. This 
light has often the appearance of luminous vapour, quite 
transparent, so that the stars are visible through it i this is 
also the case with the diffuse light artificially produced in an 
exhausted receiver, in the way just stated* Such phenomena 
are commonly followed by wind, rain, and unsettled weather. 

In Siberia and high Northern latitudes, the meteor termed 
Aurora Borealis assumes a character of the greatest imaginable 
splendour. Here the electrical phenomena are most distinctly 
marked ; — ^here we find beams and rays of light moving with 
greater or less velocity ; these are termed in the Shetland 
isles Merry Dancers; — also vast columns of Ught, arches and 
crowns of various colours, the lower extremities of which 
frequently quiver with a fiery red colour, and the upper with 
orange and violet. In Siberia the aurora begins with single 
bright pillars, which rush about from place to place with gr^t 
velocity, and finally cover the whole sky : the streamers then< 
meet in the zenith, and appear as if covering. the sur£Eu;e of the 
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earth with a vast tent of light glittering with gold, mbies, and 
sapphires. Brilliant luminous coruscations also frequently 
occur, accompanied by a crackling sound, like the crackling 
of sticks when fractured, and yery like the ordinary sound of 
electrical excitation : the noise sometimes is that of a rushing 
hissing sound, as if the largest fire-works were in action. At 
this time, the dogs of the Siberian hunters are said to crouch 
with terror on the ground, and will not move. All these 
phenomena are purely electrical, and are well produced in 
turning round a large electrical plate« detached from the con- 
ductors of the machine. 

The more eariy observers of the aurora supposed it to occur 
at very considerable elevations above the surface of the earth, 
in regions where the air was indefinitely rare. Euler estimated 
the altitude at some thousands of miles. This meteor, how- 
ever, by more recent observation, certainly takes place at far 
less elevations above the earth than is generally supposed, and 
does not in any case probably reach the sensible limit of the 
atmosphere. Franklin, at Fort Enterprize, in, February, 182h 
determined the altitude of an aurora to be less than the ele-> 
vation of that of denser clouds, — a fact confirmed by Parry in 
his third voyage. Lieutenants Sherer and Ross, who accom-* 
panied Captain Parry, were, together with Captain Ross, 
simultaneously surprised at seeing a bright ray of the aurora 
shoot down from a general mass of light in the heavens, within 
a distance of them less than 3000 yards. 

156. Water -spouts and Whirlwinds. — The agencies of 
electricity in the production of certain atmospheric meteors 
has been, and not without some show of reason, extended 
to the phenomena of water-spouts and whirlwinds, which 
are supposed to arise from the operation of electrical attrac- 
tion, — ^water-spouts at sea being what whirlwinds are on land. 
These have been known to tear up trees and scatter bodies in 
all directions, and are attended by a rumbling noise. Water- 
spouts have the form of a speaking-trumpet, with the broad 
end near the clouds. All these appearances occur in months 
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most liable to thunder-storms, and closely resemble what nught 
be expected from the prolongation of protuberances of elec- 
trified clouds towards the sea, occasioning thereby a mutual 
attraction between the water and the clouds. These appear- 
ances are said to be dispersed by mariners by presenting to 
them sharp-pointed conductors. 

157. Earthquakes. — Dr. Stukely, in some very interesting 
memoirs printed in the Transactions of the Royal Society 
for 1749 and 1750, has ingeniously referred the phenomena of 
earthquakes to electrical action within the earth, and en- 
deavours to support this conjecture by reference to the vast 
extent and mass of earth simultaneouly shaken, — from the 
prevalence of electrical phenomena which attend them, such 
as coruscations, thunder, Ughtning, and fire-balls of various 
kinds. At the time of the great earthquake in London, in 
1749^ such appearances were in abundance. A sound was 
observed to roll from the River Thames to Temple Bar before 
the houses ceased to nod, as when an electrical shock is ac- 
companied by the report of the discharge, — whilst all the 
mechanical phenomena correspond to the peculiar vibrating 
motion of disruptive discharge in the substance of imperfect 
conducting matter. In the concussion at Daventry, in North- 
amptonshire, in September, 1750, the motion was felt through- 
out a space of 100 miles in length and 40 in breadth, and 
4000 square miles of surface were convulsed in an instant. 

That a high amount of electrical action attends these 
wonderful operations of nature is quite certain, but in the 
present state of our knowledge of such phenomena, their 
reference to pure electrical action as a primary cause must 
necessarily be considered to rest on a very hypothetical basis. 
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COKCLVDINO REllARKSt 

Practical Applications of Electricity. 

158. In the foregoing pages we have been anxious to direct 
the reader's attention to the prineiplea of electrical science 
xather than to its practical applications. When the principles 
are fairly established^ practical applications are comparatiTely 
eacfy, and of less importance to be brought before the general 
reader in minute detail. In the brief remainder of our spao0 
we can only just glance at a few of the examples of power 
"which electrical knowledge has supplied. 

The first and most obvious practical result of Franklin's 
discoveries was the lightnifig conductor for the protection of 
buildings and ships from the violent effects of the disruptive 
discharge. The first lightning conductors consisted merely oi 
metalUc rods or chains proceeding from the highest point of 
the building or the ship» in a direct line to the earth or to the 
sea : but this was not found in all cases sufficient. Instances 
have occurred in which the conductors have been fused or 
shattered* — and hence arose a prejudice against their use^ 
under the idea that they did more harm than good, by inviting 
the destruction they were intended to prevent. An attentive 
examination, however, of numerous cases of damage from 
lightning has shown that the path of discharge from the cloud 
to tbe earth is always in the line of least resistance (122), This 
line may not be the shortest lineal distance, but it is in all 
cases the shortest electrical distance; that is, the lightning 
picks out the best conductors in its transit to the earthy 
selecting with the nicest discrimination metal cramps and 
jMtenings (122), and by its expansive power shattering and 
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destroying inferior conducting substances, such as wood, brick- 
work, and stone. 

159. The discoveries of Franklin and other philosophers of 
the last century (147) very fully prove that what we call 
thunder and lightning is the result of disruptive discharge 
produced by a great natural electrical agency, forcing its way 
through resisting matter, and which, as Ve have just seen, 
is attended by irresistible expansive force with an evolution 
of intense light and heat (134) (135). Now this agency in 
finding a path through matter offering little resistance to its 
progress, such as the metals, is no longer productive of such 
disruptive effects. The explosive form of action either vanishes 
altogether or becomes so modified as to merge into a sort of 
current, traversing the metal with a greater or less degree of 
rapidity. If therefore a building or a ship were perfectly 
metallic in all its parts, no damage could possibly arise to it 
when struck by lightning, since the explosive action would 
ranish from the instant the electrical agency entered the 
metal. In applying lightning conductors, therefore, as a 
means of guarding against the destructive effects of lightning, 
our object should be to carry out this principle in all its 
generality, and bring the given building or ship as nearly as 
pQssible into that state of passive electrical resistance it would 
have supposing the whole mass were metallic throughout. 
Now this is best accomplished by connecting together, so far 
as possible, all the large detached masses of metal in the 
fabric, and between which disruptive discharge is likely to 
ensue (122), and then unite these with capacious conductors 
leading directly from certain of the highest points of the 
structure directly to the earth or sea. These conductors 
should of course be metalUc, but as metals vary in conducting 
power, copper, being the best conductor, is to be preferred 
(137). It has been found that a copper rod of one inch in 
diameter, or an equal quantity of copper under any other form, 
will resist the expansive and heating effects of any discharge 
of lightning hitherto experienced. In applying such conduo- 
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tors to buildings, they should be fixed to the masonry and 
project into the air by sharp or pointed terminations (125); 
below they should terminate in two or more branches leading 
under the surface of the ground, and, if possible, to moist 
earth, drains, or springs of water. In applying such con- 
ductors to ships, each mast should have its own capacious 
conductor permanently fixed and connected with bands of 
copper passing through the sides of the ship under the deck- 
beams, and with the large bolts leading through the keels 
and keelson, and including, by other connections, all th^ 
principal metallic masses employed in the construction of the 
bull. Under such a system, a discharge of lightning falling 
on a house or a ship finds its way to the earth or to the sea 
without the possibility of damage. 

160. Much discussion has arisen relative to the amount of 
security such conductors can insure when .compared with the 
quantity of lightning, which, by their supposed attractive in- 
fluence, might become drawn down upon the buildings to 
which they are applied : such controversies, however, are now 
very completely disposed of by the great natural experimental 
facts which have presented themselves upon this question, 
especially within the last twenty-five years. The notion that 
lightning rods draw down Ug^tning upon a building in virtue 
of a specific attractive power for the agency of lightning is not 
only unsupported by any evidence whatever, but is positively 
at variance with the whole course of experience. It is now 
well known that metals have not per se any greater influence 
on the electrical discharge than other kinds of matter (116). 
Lightning will always find for itself a path of least resistance 
to the earth : if metallic substances be present and be con- 
venient to its action, it will then fall on them, but not else 
.(122) ; if not present, it will seize upon any other body which 
is convenient to it: so that metallic conductors can be no 
more said to attract the lightning which falls on them at the 
time of a thunder-storm, than a rain-pipe can be said to attract 
.the rain which falls on a building at the moment of a shower; 
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the action of both is purely passive ; any calculation of die ni* 
dius of protection of a lightning rod, therefore, in virtue of its 
-attractive power on the agency of Ughtning, iviU necessarily be 
fdlacious, as is in fact shown by experience. Several cases 
have occurred in the Boyal Navy in which one mast of a ship 
has been shivered by lightning, a chain conductor having 
been applied to the other. It is by no means uncommon 
to find heavy discharges of lightning strike upon the sea 
in the vicinity of such conductors, as if avoiding them alto- 
gether. 

161. If we for a moment look at the course of experience, 
we can have no longer any doubt upon this question. In this 
oousiry alone, the amount of damage which has occurred and 
still continues to occur by lightning, especially to churches, is 
b^ond all credence. Fuller says in his 'Church History,' 
*' that scarcely a great abbey in England exists which, once at 
the least, was not burned down with lightning from heaven ;" 
and then he enumerates a great many so destroyed. In 
modern times we may observe similar destructive effects. 
Now it is notorious that in no case where such destruction 
has occurred has the building been provided with lightning 
conductors : on the contrary, no instance of damage has arisen 
to any building to which such conductors have been efficiently 
Implied; the exceptions being so insignificant as not to be 
worthy of record. If we look at the destructive effects of 
lightning in .ships, the results of experience are most especially 
interesting and conclusive. It appears from the records of the 
.Navy, that the destructive effects of Ughtning on H. M. ships 
involved in former years an expenditure of not less than from 
^6000 to ^10,000 annually; in 200 cases only, 300 seamen 
^rere either killed or hurt, and above 100 large masts, valued 
at the time at from ^1000 to ^1200 each, entirely ruined. 
Between the years 1810 and 1815, no less than thirty-five sail 
<oS the line and thirty-five frigates and smaller vessels were 
completely disabled. Now, since the system of lightning con^ 
dufitors, just described, has been fully carried out in aH 
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H. M. ships^ it appears that damage bj lightning has posi- 
tively vanished from the records of the Navj. 

162. The following b an interesting and remarkable instance 
of the beneficial action of such a system of conduction as that 
we have adverted to, taken from the official journal of one of 
H. M. ships. *The Conway/ a small frigate of 28 guns, being 
moored in the harbour of Port Louis, in the Isle of France, 
was at 11 A.M. of the morning of the 9th of March, 1846^ 
struck by lightning. At this time the ship was under refit, 
the higher or top-gallant masts down on the deck, so that to 
support the pendant a small spar, not having a conductor am 
it, was substituted for the main top-gallant mast, being fixed 
at the head of the top-mast. Now the terrific flash which 
fell on the vessd first struck this spar, and shivered it in 
atoms; at the point of junction, however, with the large copper 
conductor on the top-mast below and leading to the se% all 
further destruction ceased ; the explosive action vanished, and 
the electrical discharge streamed safely into the water, appa* 
rently expanding upon the surface in a blaze of brilliant light. 
The brief notice in the ship's log runs thus : *' 1 1 . 45. Pendant 
staff at main topmast head shivered in pieces by lightning ;. 
conductor carried off the fluid without further damage." 

163. The heating power of electricity has been tamed ta 
account in promoting the efficacy and lessening the danger of 
blasting on land and under water. Instead of the common iuse> 
as ordinarily employed, a fine wire is passed through a charge 
of gunpowder, properly secured, and the ends of the wire ame 
connected with the terminal wires of a voltaic battery : the 
moment the circuit is completed the fine wire is ignited, andr 
the powder explodes. 

. 164. The lighting of public streets and buildings by voltaic- 
electricity is an application of the voltaic battery which has 
occupied the minds of practical men during many years past» 
from the time, indeed, when Davy produced the magnificent 
arc of light from his large battery at the Royal Institution* 
So long as voltaic batteries were costly and their effects only 
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of short duration, this application was deemed impracticable ; 
but when constant batteries, as they are called, were invented 
at a cheap rate, the attempts to apply the light from the 
charcoal points to the purposes of illumination became nume- 
rous. It is now some years since M. Archereau exhibited his 
splendid voltaic Ught in the streets of Paris, and Mr. Staite 
ULOt long since dazzled the metropolis of London in a similar 
i(ray. These gentlemen seem to have overcome the difficulties 
which prevented their predecessors from obtaining a con^ 
tinuoua light. Its intensity seems eminently qualified for 
light-houses, railway signals, &c. 

165. The constant battery invented by the late Professor 
DanieU has also given rise to an art which, within a very short 
period, rose to an eminent position among the useful arts and 
manufactures of this country, namely, €leetr<hnietaUurgyy elee^ 
tfvtype, galvano'plastic, &c. The principle upon which these 
arts rest is that of voltaic electricity, fig. 16 (28), but pro- 
dBiced under the form of what has been termed the * constant 
battery/ This is an arrangement of copper and zinc, but is 
excited by two fluids instead of one. The two fluids are 
separated by a diaphragm which prevents them from mixing, 
but allows the dectric current to pass. There is first a rod of 
zinc immersed in dilute sulphuric acid contained in the porous 
diaphragm, surrounding which is a solution of sulphate of 
copper contained in a cqpper cell. By this arrangement the 
aolcitian of zinc is kept away from the copper, and the hy«- 
drogen, instead of escaping, passes through the porous dia- 
phisagm widi the current, when it combines with the oxygen 
of die oxide of copper in the solution of the sulphate, thereby 
leaving pure metallic copper, which lines the interior of the 
(sypper ceU. By pecuHar contrivances this copper can be 
made to deposit itself as fast as it is formed on moulds of 
wax nibbed over with black lead to give a conducting sur- 
face; cr the copper can be deposited on the cylinders and 
rollers used in caHco printing, working out the pattern with 
the gnatest fidehty; also in surface printing, etciimg, and 
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Tarious other applications. When the solution of some salt 
of gold or silver is used, instead of the solution of copper, 
a thin film of either of the precious metals can by voltaic 
action be deposited on articles and ornaments previously cast 
and finished in some inferior metal. In this way basket-work^ 
fruits, leaves, flowers, busts, grapes, statues, and medalHons 
have received coatings of copper (142) and other metals:* 
even Daguerreotype plates have been copied by this means. 
By writing on a metallic surface with a peculiar kind of 
varnish, and then depositing the copper over the Unes, a plate 
fit for printing is obtained. By voltaic arrangements metala 
can be assayed ; iron covered with thin films of lead, thereby 
preventing rust; pins can be tinned, and numerous other 
applications are daily being made. 

166. But perhaps the most wonderful apphcation of electricity 
to the purposes of life is the facihty it a£Pords to persons, 
separated by hundreds of miles, to hold instant communica- 
tion, by night or by day, giving them the power, as it were, to 
annihilate space (134), enabling them to consult, admonish, 
inform, condole with each other, as if they were in the same 
room, and, having ended their conversation, to turn aside, and 
one to find himself in London and the other in Edinburgh* 
There is nothing in fiction more wonderful than this ; yet the 
means are apparently so inadequate, resting as they do, — firsts 
upon the simple principle discovered by CErsted, in 1819, that 
a magnetic needle, free to rotate about its centre, when brought 
near to a wire through which an electric current is passing, 
tends to place itself at right angles to that wire (144), the 
direction of its motion following a certain law ; and, secondly, 
that a piece of soft iron is rendered magnetic during the 
transmission of an electric current along a wire coiled spirally 
round it, when placed near the wire which connects the poles 
of a voltaic battery (145). 

In the earliest form of electric telegraph a number of magnetic 

* By Mr. Woolrieh's application of magneto-electricity (146) to electro- 
plating, the voltaic battery can be altogether dispensed with. 




^ In this form of electric telegraph, it was thoagbft 
to dose the current, that each needle should be fhniis]»Bii vilfc Av 
return wire ; but it has been abundantly proved, hf mfoSmsit^f. ibA 
water, or even the moisture contained in the earth, is swflfaient tpi tmamil 
the current back to the battery. Hence, in aU telegraphic 
the return wire is bow dispensed with. 



t 
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needles were thus arranged at the two extremities of a line of rail- jj 
wav^ and also at some of the intermediate stations. Each needle ^ 
had its own wire^* so that any deflection produced on any one |; 
needle at any part of the line caused a similar deflection in all 
those connected with the same wire. Thus, by operating upon 
two or more wires at once^ or in rapid succession, the needles 
could be thrown into certain positions, which, by previous 
arrangement, should be made to represent certain symbols, 
letters, or words. In the latter forms of telegraph. Professor 
Wheatstone has availed himself of the power of the voltaic 
current to confer a magnetic condition upon soft iron, which 
is destroyed the moment the current is suspended or cut off. A 
number of constant cells is used to convert cylinders of soft iron 
(2 inches long by |- an inch in diameter) at the distant station 
into electro-magnets. Whenever contact is made, the keeper of 
the magnet is attracted ; and when contact is broken, the keeper 
is removed by a spring. In one form of the instrument, two 
drivers attached to the keeper act upon a toothed wheel, and 
convert the alternate into a circular motion, which is trans* 
tnitted to an axis bearing a signal-disc or indicator, Jn this 
ease the resistance of the wires, as compared with the electro- 
motive powers of the batteries, is not great ; but whexe the 
Resistance is great, the keeper has merely to move a detent 
which liberates the toothed wheel, and allows motiim to he 
given' to the indicator by a clock movement. A eomatatidor 
at one station is furnished with a disc corresponding to the 
indicator, so that when any sign of one is brought fay the hand 
6f the attendant to the place of observation, the co rrc a po nding 
sign is exposed by the other at the distant statum. Eacli 
station has a commutator and indicator, allfouKlMDig.iiidQdM 



ELECTRICITY AS A MOVING POWER. 193 

in the one circuit of a wire eacli way. Time may also be 
transmitted instead of signals, and hence we get what Pro- 
fessor Wheatstone calls the electric clock. For this purpose, 
the indicator is fixed, and furnished with a clock face, the axis 
carrying an index or hand : the communicating disc is mored 
round by the oscillations of a pendulum. In this way one 
good clock can be made to communicate its own time to a 
series of skeleton clocks at any distance. 

Various contrivances have been made for registering or 
printing the signals. For example, each letter of the indi- 
cating disc is attached to a spring radiating from the centre ; 
when the letter is brought, by the action of the instrument, to 
the proper place for indicating a required signal, a hammer, 
acted on by clock-work, set free by a second electro-magnet, 
strikes the letter upon a pad of manifold writing paper and 
fair paper, and so registers the s^nal. A cylinder rotating 
on a spiral axis exposes fresh surfaces of paper. The same 
current which works these telegraphs also rings an alarum to 
call attention. 

167. Electricity applied as a numng power, — ^The operation of 
voltaic electricity in magnetizing iron (145), and the disappear- 
ance of the excited magnetism directly its action is suspended, 
or nearly so, has furnished a means of obtaining to a certain 
extent a considerable moving force appHcable to the purposes 
of machinery; and although in all the attempts hitherto made, 
engines of great practical value have not been obtained, yet 
very considerable advances have been made and are still 
making in electro-magnetic machines. 

The general principles resorted to in the construction of 
electro-magnetic engines are these, — either a rapid change of 
polarity in masses of iron surrounded by spiral coils, so 
as to cause them to alternately attract and repel other electro- 
magnets brought within their influence, or otherwise a rapid 
magnetizing and demagnetizing of masses of iron in a similar 
way, without any change of polarity by which an attractive 
force is brought to act upon other masses of iron, so long 

I 
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as the attraction is operative in pulling them onward, and no 
longer. In both these cases a rotatory motion is obtained 
by fixing the operative masses on the circumference of a wheel, 
and placing the wheel so as to admit of the action of the 
electro-magnets upon the extremities of its radii, as in any 
other similar case of the application of a moving force to the 
circumference. 

Professor Jacobi, of St. Petersburg, by means of an engine 
on this principle, succeeded, in the years 1838 and 1839, in 
propelling a boat upon the Neva at the rate of 4 miles an 
hour. This boat was 28 feet in length, about 7 feet wide, 
and drew nearly 3 feet water. It contained 10 persons; the 
engine was worked by a voltaic battery of sixty-four pairs of 
platinum plates, excited by nitric and sulphuric acid, and 
propelled the vessel through the medium of paddle-wheels. 
Mr. Llewelyn exhibited to the members of the British As- 
sociation, in August, 1848,* a similar experiment on a lake at 
his beautii^ residence near Swansea. By means of an electro- 
magnetic engine, contrived with singular skill and ingenuity, 
he propelled a small boat with considerable force through the 
medium of a screw propeller. Jacobi subsequently applied 
his engine to working machinery, but not with any great 
success. 

In 1842, Mr. Davidson constructed an electro -magnetic 
locomotive engine, which was tried on the Edinburgh and 
Glasgow Railway, the carriage of which was 1 6 feet in length 
and 6 feet wide, weighing above five tons, including the 
batteries and magnets. It was propelled at the rate of about 
4 miles an hour, 

Wheatstone, Talbot, Hearder, and several others engaged 
in this branch of science, have given models of electro-mag- 
netic engines which display great powers of invention ; and 
although as yet the perfection of such engines and their 
practical and commercial advantages remain in great uncer- 
tainty, still it is to be considered that the development of 
* Meeting of the British Association at Swansea, Augnst, 1848. 
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tbe principles upon which they have been constructed is of 
Terj recent date, and the question altogether in its infancy. 
The speed obtained by Professor Jacobi, of 4 miles an hour 
with a boat on the Neva, certainly exceeded that resulting 
from the first attempts to propel vessels by steam. We have, 
therefore, yet to hope for vast improvements in electric 
machines. When we consider that an electro-magnet lately 
exhibited in London attracts a mass of iron at one-eighth 
of an inch distance with a force of 1344 lbs., and requires 
no less than 4764 lbs. (more than 2 tons) to separate the 
contact, it is really difficult to assign limits to the ap- 
plication of a moving force derived from the agency of 
electricity. 



THE END. 
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